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#SLD
SITE LOCATION AND DESCRIPTION

1.1 LOCATION

THE MAXEY FLATS DISPOSAL SITE (MFDS) IS LOCATED ON COUNTY ROAD 1895, APPROXIMATELY 10 MILES
NORTHWEST OF THE CITY OF MOREHEAD, KENTUCKY AND APPROXIMATELY 17 MILES SOUTH OF FLEMINGSBURG IN
EASTERN FLEMING COUNTY. FIGURES 1 AND 2 ILLUSTRATE THE SITE LOCATION AND SITE VICINITY. THE MFDS
ITSELF OCCUPIES 280 ACRES OF LAND.  APPROXIMATELY 4.8 MILLION CUBIC FEET OF LOW-LEVEL
RADIOACTIVE WASTE IS BURIED IN AN APPROXIMATE 45-ACRE AREA, DESIGNATED AS THE RESTRICTED AREA. 
APPROXIMATELY 27 ACRES WITHIN THE RESTRICTED AREA HAVE BEEN USED FOR THE CONSTRUCTION OF 52
DISPOSAL TRENCHES.  THE RESTRICTED AREA ALSO CONTAINS STORAGE AND WAREHOUSE BUILDINGS, LIQUID
STORAGE TANK BUILDINGS, GRAVEL DRIVEWAYS AND A PARKING AREA.  FIGURE 3 DEPICTS THE TRENCHES,
TRENCH SUMPS, AND STRUCTURES WITHIN THE RESTRICTED AREA AS WELL AS THE EXTENT OF A
POLYVINYLCHLORIDE (PVC) COVER OVER THE 27-ACRE TRENCH DISPOSAL AREA (1).

(1) THE PVC COVER OVER THE TRENCH DISPOSAL AREA CURRENTLY COVERS THE
      ACCESS ROAD BETWEEN THE TRENCHES; THUS, FIGURE 3 IS SLIGHTLY OUTDATED
      AND DOES NOT REFLECT ALL OF THE ARES CURRENTLY COVERED BY THE PVC LINER.

1.2 DEMOGRAPHICS

APPROXIMATELY 57 RESIDENTIAL STRUCTURES EXIST WITHIN A 1.0 MILE RADIUS OF THE MFDS, HOUSING
APPROXIMATELY 152 PERSONS.  IN AN AREA BETWEEN 1.0 AND 2.5 MILES FROM THE MFDS, 192 RESIDENTIAL
STRUCTURES HOUSE APPROXIMATELY 511 PERSONS.  THEREFORE, AN ESTIMATED TOTAL OF 663 PERSONS LIVE
WITHIN 2.5 MILES OF THE MFDS (THIS 2.5 MILE RADIUS IS HEREAFTER REFERRED TO AS THE STUDY AREA). 
OF THE ESTIMATED 663 PERSONS, AN ESTIMATED 148 (22.3 PERCENT) ARE WOMEN OF CHILDBEARING AGE (15
TO 44 YEARS OLD) AND AN ESTIMATED 148 (22.3 PERCENT) ARE CHILDREN (UNDER THE AGE OF 14).

WITHIN A ONE-HALF MILE RADIUS OF THE MFDS, THERE EXIST APPROXIMATELY 11 RESIDENCES.  THE ACTUAL
POPULATION OF THIS AREA IS 25 PEOPLE, 14 MALE AND 11 FEMALE.  OF THE ELEVEN FEMALES, SEVEN ARE
OF CHILDBEARING AGE. ONLY TWO CHILDREN ARE PRESENT IN THE POPULATION.

THE MFDS STUDY AREA POPULATION REPRESENTS APPROXIMATELY 5.3 PERCENT OF THE TOTAL FLEMING COUNTY
POPULATION.  THE PROJECTED POPULATION OF THE 2.5 MILE RADIUS STUDY AREA WILL INCREASE FROM 663
PERSONS IN 1985 TO A PROJECTED POPULATION OF 767 IN 2020, AN INCREASE OF APPROXIMATELY 15 
PERCENT.  ADDITIONALLY, A PROJECTED POPULATION OF 171 WOMEN OF CHILDBEARING AGE AND 171 CHILDREN
WILL RESIDE IN THE STUDY AREA SURROUNDING THE MFDS BY THE YEAR 2020.

1.3 TOPOGRAPHY

THE MFDS IS LOCATED IN THE KNOBS PHYSIOGRAPHIC REGION OF KENTUCKY, AN AREA CHARACTERIZED BY
RELATIVELY FLAT-TOPPED RIDGES (FLATS) AND HILLS (KNOBS).  THE MFDS IS LOCATED ON A SPUR OF MAXEY
FLATS, ONE OF THE LARGER FLAT-TOPPED RIDGES IN THE REGION. THE SITE IS BOUNDED BY STEEP SLOPES
TO THE WEST, EAST, AND SOUTH AND IS APPROXIMATELY 350 FEET ABOVE THE ADJACENT VALLEY BOTTOMS.

1.4 LAND USE

THE LAND SURROUNDING THE MFDS IS PRIMARILY MIXED WOODLANDS AND OPEN FARMLAND.  A NUMBER OF
RESIDENCES, FARMS, AND SOME SMALL COMMERCIAL ESTABLISHMENTS ARE LOCATED ON ROADWAYS NEAR THE
SITE.



THE TWO NEAREST MUNICIPALITIES, THE CITIES OF MOREHEAD (APPROXIMATELY 10 MILES SOUTHEAST OF THE
MFDS) AND FLEMINGSBURG, KENTUCKY (APPROXIMATELY 17 MILES NORTHWEST OF THE MFDS) HAVE POPULATIONS
OF 7,196 AND 2,721, RESPECTIVELY.  THE CLOSEST MAJOR CITIES ARE LEXINGTON TO THE WEST, AND  
HUNTINGTON, WEST VIRGINIA, TO THE EAST, BOTH ABOUT 65 MILES FROM THE MFDS.

TRANSPORTATION IN THE IMMEDIATE VICINITY OF THE SITE IS BASED ON A NETWORK OF SECONDARY
ROADWAYS, THE ROUTES OF WHICH ARE DICTATED BY THE LOCAL TOPOGRAPHY OF RELATIVELY LEVEL STREAM
VALLEYS AND STEEP PLATEAU SLOPES.

THE REGION AROUND THE SITE IS RURAL IN CHARACTER, PRIMARILY DUE TO TOPOGRAPHIC RESTRICTIONS THAT
LIMIT ACCESS TO THE AREA AND THE SHORTAGE OF LAND AVAILABLE FOR DEVELOPMENT.  IN THE IMMEDIATE
VICINITY OF THE MFDS, WITHIN ONE-HALF MILE, APPROXIMATELY ONE DOZEN HOMES ARE LOCATED ALONG THE
UNPAVED ROADS AT THE BASE OF THE SITE IN DRIP SPRINGS HOLLOW AND ALONG ROCK LICK CREEK, AND ON
TOP OF THE PLATEAU ALONG MAXEY FLATS ROAD.  THE SLOPES IN THE VICINITY OF THE MFDS ARE COVERED
MOSTLY WITH MIXED EVERGREEN AND DECIDUOUS FOREST LAND.  WOODED AREAS IN THE REGION PROVIDE A
SUPPLY OF HARDWOOD TIMBER FOR THE LOCAL SAWMILLS AND LOGGING INDUSTRY.

FOUR SMALL FAMILY FARMS ARE LOCATED WITHIN A ONE-HALF MILE RADIUS OF THE SITE.  THESE FARMS
RAISE BEEF CATTLE, SWINE, GOATS, AND SHEEP FOR MEAT AND SALE; POULTRY FOR EGGS; TOBACCO FOR
SALE; AND HAY AND SILAGE AS FOOD FOR THEIR LIVESTOCK.  IN ADDITION TO THE FARMS, MOST OF THE
LOCAL RESIDENCES HAVE SMALL VEGETABLE GARDENS FOR THEIR PRIVATE USE.  TABLE 1 SUMMARIZES THE
LAND USE WITHIN A 2.5 MILE RADIUS OF THE MFDS.

THE MAXEY FLATS REGION HAS A PUBLIC WATER SUPPLY SYSTEM THAT IS OPERATED BY THE FLEMING COUNTY
WATER ASSOCIATION.  ESSENTIALLY ALL RESIDENTS IN THE AREA ARE SERVED BY THIS WATER SYSTEM, MUCH
OF WHICH WAS INSTALLED IN 1985. THE EXTENT OF THE WATER SUPPLY SYSTEM IS ILLUSTRATED IN FIGURE
4.

THERE ARE NO LARGE-SCALE COMMERCIAL AND INDUSTRIAL DEVELOPMENTS, OR HIGHER DENSITY RESIDENTIAL
DEVELOPMENTS IN THE AREA WITHIN 2.5 MILES OF THE SITE.  IN SUMMARY, THE AREA SURROUNDING THE
MFDS IS BEST CHARACTERIZED AS A RURAL, UNDEVELOPED AREA DISTINGUISHED BY LOW-DENSITY HOUSING AND
RUGGED TOPOGRAPHY.

THE LIMITED EMPLOYMENT BASE OF THE AREA, ALONG WITH THE LIMITED ROADWAY AND UTILITIES ACCESS,
MAKES LARGE-SCALE ECONOMIC EXPANSION IN THIS REGION UNLIKELY.  FUTURE LAND USE CAN BE EXPECTED
TO FOLLOW THE SAME HISTORICAL PATTERNS FOR THE AREA: SMALL FAMILY FARMS, CROP RAISING, LOGGING
ACTIVITIES AND MODERATE GROWTH IN POPULATION.

1.5 NATURAL RESOURCES

1.5.1 SURFACE WATER

HILLSLOPE RUNOFF AT THE MFDS TYPICALLY TRAVELS IN NARROW, HIGH GRADIENT, STEEP WALLED CHANNELS. 
THESE DRAINAGE CHANNELS CONNECT TO THE PERENNIAL STREAMS THAT FLOW ALONG THE BASE OF THE PLATEAU
AT THE PERIPHERY OF THE MFDS AREA.  THESE STREAMS, DRIP SPRINGS, NO NAME, AND ROCK LICK CREEKS,
FLOW THROUGH RELATIVELY LEVEL VALLEYS BORDERED BY STEEP HILLSLOPES. DRIP SPRINGS CREEK, LOCATED
ON THE WEST SIDE OF THE SITE, AND NO NAME CREEK, LOCATED ON THE EAST SIDE OF THE SITE, FLOW INTO
ROCK LICK CREEK TO THE SOUTHWEST OF THE SITE. ROCK LICK CREEK FLOWS INTO FOX CREEK APPROXIMATELY
TWO MILES SOUTHWEST OF THE MFDS.  FOX CREEK FLOWS INTO THE LICKING RIVER, APPROXIMATELY 6.5
MILES WEST OF THE MFDS, WHICH IN TURN EMPTIES INTO THE OHIO RIVER NEAR CINCINNATI, OHIO,
APPROXIMATELY 100 MILES FROM THE MFDS.



THE PERENNIAL STREAMS AT THE BASE OF THE PLATEAU ARE USED AS FRESHWATER SUPPLIES FOR LIVESTOCK
RAISED IN THE VALLEYS.  FOX CREEK IS ALSO USED FOR LIGHT RECREATIONAL FISHING.  THE LICKING
RIVER IS USED BOTH FOR RECREATIONAL PURPOSES AND AS A SOURCE OF PUBLIC DRINKING WATER THROUGH  
MUNICIPAL WATER SYSTEMS UPSTREAM AND DOWNSTREAM OF THE MFDS.  THE NEAREST MUNICIPAL WATER INTAKE
DOWNSTREAM OF THE MFDS ON THE LICKING RIVER IS LOCATED APPROXIMATELY 54 MILES FROM THE SITE.

1.5.2 GEOLOGY AND GROUND WATER

POTENTIAL GEOLOGICAL RESOURCES IN THE AREA OF FLEMING COUNTY AROUND THE MFDS INCLUDE BUILDING
STONE, CLAY AND SHALE, PETROLEUM, OIL SHALE AND GROUND WATER.  WITH THE EXCEPTION OF SMALL
AMOUNTS OF BUILDING STONE AND GROUND WATER FOR PRIVATE RESIDENTIAL USE, THESE GEOLOGICAL
RESOURCES ARE CURRENTLY NOT BEING EXPLOITED.

GROUND WATER RESOURCES IN THE AREA ARE VERY LIMITED, WITH RESIDENTIAL SUPPLIES GENERALLY
AVAILABLE ONLY IN THE VALLEY BOTTOMS.  GROUND WATER QUALITY IN THE AREA IS GENERALLY POOR.

RESIDENTS IN THE IMMEDIATE VICINITY OF THE MFDS HAVE BEEN ON PUBLIC WATER SUPPLY SINCE 1985. 
PRIOR TO 1985, WATER WAS TYPICALLY OBTAINED FROM SHALLOW DUG WELLS WHICH REPORTEDLY SUPPLIED
SUFFICIENT QUANTITIES OF WATER FOR HOUSEHOLD USE.

1.5.3 BIOTA

THE REGION SURROUNDING THE MFDS INCLUDES MANY WOODLOTS THAT ARE PERIODICALLY LOGGED FOR TIMBER. 
THE WOODED AREAS IN THIS REGION ARE CLASSIFIED AS DECIDUOUS, EVERGREEN, OR MIXED FOREST LAND. 
THE HILLSLOPES ADJACENT TO THE MFDS ARE PRIMARILY DECIDUOUS AND INCLUDE HICKORIES, OAK, ASH,
MAPLE, BLACK GUM, TULIP-POPLAR, AND BEECH.  BECAUSE MUCH OF THE HILLSLOPES ARE PRIVATELY OWNED,
AND LOGGING IS AN ACTIVE INDUSTRY IN THE IMMEDIATE AREA, IT IS POSSIBLE THAT THE STANDING TIMBER 
ON THESE SLOPES COULD BE HARVESTED IN THE FUTURE.

WILDLIFE SPECIES COMMON TO THE MFDS AREA ARE THOSE ASSOCIATED WITH THE OAK-HICKORY FOREST OF THE
RIDGE SLOPES, THE ADJACENT FARMLANDS, OR A MIX OF THESE TWO HABITATS.  THIS MIX BENEFITS SUCH
GAME SPECIES AS WHITE-TAILED DEER, WOODCHUCK, OPOSSUM, FOX SQUIRREL, AND MIGRATING WOODCOCK, AS
WELL AS FURBEARERS SUCH AS RED FOX, GRAY FOX, LONG-TAILED WEASEL, RACCOON, AND STRIPED SKUNK. 
ROUGH GROUSE AND GRAY SQUIRREL ARE ALSO HUNTED IN THE MORE EXTENSIVELY WOODED AREAS.  DURING
LATE AUTUMN AND WINTER, NUMEROUS CANADA GEESE, AS WELL AS MALLARDS, WOOD DUCK, GREEN-WINGED
TEAL, AND OTHER GAME WATERFOWL FEED ON OPEN CROP LANDS OF THE REGION.  THE ACORN AND HICKORY
MAST PRODUCED ON THE HILLSLOPES OF THE MFDS PROBABLY CONSTITUTES AN IMPORTANT PART OF THE DIET
FOR WHITE-FOOTED MICE, DEER, SQUIRREL, AND TURKEY.

SEVERAL SPECIES OF SPORT FISH THAT ARE NATIVE TO THE LICKING RIVER DRAINAGE HAVE BEEN COLLECTED
FROM FOX CREEK INCLUDING MUSKELLUNGE, CHANNEL CATFISH, ROCKBASS, SPOTTED BASS, LARGEMOUTH BASS,
WHITE CRAPPIE, VARIOUS SUNFISH, AND SAUGER.

THERE ARE NO FEDERAL THREATENED OR ENDANGERED SPECIES KNOWN TO EXIST WITHIN THE VICINITY OF THE
MFDS.  BLAZING STAR, A PLANT SPECIES LISTED AS BEING OF SPECIAL CONCERN BY THE KENTUCKY
PRESERVES COMMISSION, DOES OCCUR WITHIN A 2.5 MILE RADIUS OF THE SITE, BUT WOULD NOT BE
THREATENED BY ANY PHYSICAL ACTIVITIES AT THE MFDS DUE TO ITS DISTANCE (APPROXIMATELY 1.5 MILES)
FROM THE SITE.

1.6 CLIMATE

THE CLIMATE OF THE MFDS AREA IS CLASSIFIED AS TEMPERATE CONTINENTAL.



THE SUMMERS ARE WARM WITH TEMPERATURES ABOVE 90 DEGREE FAHRENHEIT OCCURRING APPROXIMATELY 30
DAYS PER YEAR.  THE WINTERS ARE COLD BUT NOT EXTREME, AS TEMPERATURES BELOW ZERO GENERALLY OCCUR
ONLY A FEW TIMES PER YEAR.  TEMPERATURES ABOVE 100 DEGREE FAHRENHEIT AND MINIMUM TEMPERATURES AS
LOW AS MINUS 22 DEGREE FAHRENHEIT HAVE BEEN RECORDED IN THE REGION.

AVERAGE ANNUAL PRECIPITATION IN THE MFDS AREA IS APPROXIMATELY 44 INCHES.  A MAXIMUM 24-HOUR
PRECIPITATION TOTAL OF 5.8 INCHES WOULD BE EXPECTED FOR A 100-YEAR RETURN PERIOD IN THE AREA. 
HOWEVER, THE POSSIBILITY EXISTS FOR EXTREME RAINFALL EVENTS TO EXCEED THE 100 YEAR MAXIMUM IN
THE MFDS AREA.  SNOWFALL IN THE AREA AVERAGES APPROXIMATELY 18 INCHES PER YEAR WITH THE HIGHEST
MONTHLY AVERAGE OCCURRING DURING JANUARY.

WIND DISTRIBUTION DATA FOR THE MFDS AREA REVEALS A FAIRLY EVEN ANNUAL DISTRIBUTION OF WIND
DIRECTION, WITH THE GREATEST FREQUENCY FROM THE SOUTH AND SOUTHWEST DIRECTIONS.  THE AVERAGE
WIND SPEED OBSERVED OVER A 10-YEAR PERIOD WAS 9.7 MILES PER HOUR.  AVERAGE WIND SPEEDS ARE
GREATER DURING THE SPRING AND WINTER SEASONS AND THE GREATEST PERCENTAGE OF CALM WIND CONDITIONS
OCCUR DURING THE SUMMER MONTHS.  A MAXIMUM WIND SPEED OF 90 MILES PER HOUR ASSOCIATED WITH A
RETURN PERIOD OF 100 YEARS IS ESTIMATED FOR THE MFDS AREA.

#SHEA
2.0 SITE HISTORY AND ENFORCEMENT ACTIVITIES

IN 1954, THE US CONGRESS PASSED THE ATOMIC ENERGY ACT WHICH PROVIDED FOR THE DEVELOPMENT AND
UTILIZATION OF ATOMIC ENERGY FOR PEACEFUL PURPOSES. IN 1959, CONGRESS AMENDED THE ATOMIC ENERGY
ACT OF 1954 TO PROVIDE FOR STATE PARTICIPATION IN CERTAIN REGULATORY CONTROLS ON THE USE OF
ATOMIC ENERGY.  PROVISIONS WERE MADE FOR THE FEDERAL GOVERNMENT TO ENTER INTO AGREEMENTS WITH
STATES ON SUCH PARTICIPATION.

AS PART OF A PROGRAM TO ENCOURAGE NUCLEAR INDUSTRY IN KENTUCKY, THE KENTUCKY GENERAL ASSEMBLY
CREATED THE DIVISION OF NUCLEAR INFORMATION IN THE KENTUCKY DEPARTMENT OF COMMERCE.  THE
KENTUCKY GENERAL ASSEMBLY THEN PASSED LEGISLATION IN 1960 WHICH PROVIDED POWER TO THE GOVERNOR
TO ENTER INTO AN AGREEMENT WITH THE FEDERAL GOVERNMENT FOR THE TRANSFER OF CERTAIN REGULATORY
POWERS IN ATOMIC ENERGY TO KENTUCKY.  ALSO IN 1960, THE GOVERNOR OF KENTUCKY CHARGED THE
DEPARTMENT OF HEALTH WITH THE RESPONSIBILITIES OF PROVIDING REGULATIONS FOR THE LICENSING OF  
RADIOACTIVE MATERIALS.  THE KENTUCKY GENERAL ASSEMBLY PASSED LEGISLATION IN 1962 ENABLING THE
COMMONWEALTH OF KENTUCKY (COMMONWEALTH) TO PURCHASE LANDS FOR THE DISPOSAL OF RADIOACTIVE WASTE;
THE LAND TO BE OWNED AND CONTROLLED IN PERPETUITY BY THE COMMONWEALTH.  ALSO IN 1962, THE  
COMMONWEALTH BECAME THE FIRST STATE TO SIGN AN AGREEMENT WITH THE FEDERAL GOVERNMENT FOR THE
TRANSFER OF CERTAIN REGULATORY POWERS IN ATOMIC ENERGY AND, THUS, BECAME WHAT IS REFERRED TO AS
AN "AGREEMENT STATE".  IN THIS AGREEMENT, AUTHORITY WAS VESTED IN THE COMMONWEALTH TO LICENSE
THE DISPOSAL OF LOW-LEVEL RADIOACTIVE WASTE.  THE ATOMIC ENERGY COMMISSION RETAINED AUTHORITY TO
LICENSE THE BURIAL OF WASTE FROM THE REPROCESSING OF SPENT NUCLEAR FUEL.

THE KENTUCKY DIVISION OF NUCLEAR INFORMATION WAS SUCCEEDED BY THE DIVISION OF ATOMIC
DEVELOPMENT, WHOSE RESPONSIBILITIES WERE THEN TRANSFERRED TO THE NEWLY CREATED KENTUCKY ATOMIC
ENERGY AUTHORITY IN 1962, WHICH EVENTUALLY BECAME THE KENTUCKY SCIENCE AND TECHNOLOGY 
COMMISSION.  IN 1962 A COMMERCIAL ORGANIZATION, NUCLEAR ENGINEERING COMPANY, INC. (NECO),
PURCHASED 252 ACRES OF LAND IN FLEMING COUNTY, KENTUCKY, IN A KNOB AREA KNOWN AS MAXEY FLATS AND
SUBMITTED AN APPLICATION TO THE KENTUCKY DEPARTMENT OF HEALTH FOR A LICENSE TO BURY RADIOACTIVE
WASTE AT MAXEY FLATS.  FOLLOWING SITE EVALUATIONS AND APPROVAL, THE COMMONWEALTH ISSUED A
LICENSE, EFFECTIVE JANUARY 1963, TO NECO FOR THE DISPOSAL OF SOLID BY-PRODUCT, SOURCE AND
SPECIAL NUCLEAR MATERIAL AT THE PROPOSED SITE, AND A CONTRACT WAS NEGOTIATED BETWEEN THE  
COMMONWEALTH (KENTUCKY ATOMIC ENERGY AUTHORITY) AND NECO.  ISSUANCE OF THIS LICENSE WAS
CONTINGENT UPON CONVEYANCE OF THE TITLE OF THE SITE TO THE COMMONWEALTH IN ACCORDANCE WITH STATE
AND FEDERAL REGULATIONS. THE KENTUCKY ATOMIC ENERGY AUTHORITY, IN TURN, LEASED THIS TRACT OF



LAND BACK TO NECO FOR A TWENTY-FIVE YEAR PERIOD WITH THE OPTION FOR NECO TO RENEW THE LEASE FOR
ANOTHER TWENTY-FIVE YEAR PERIOD THEREAFTER.  THE LEASE AGREEMENT PROVIDED FOR THE ESTABLISHMENT
OF A PERPETUAL CARE FUND, REQUIRING A COST PER CUBIC FOOT OF WASTE DISPOSED, TO BE PAID TO THE  
COMMONWEALTH BY THE OPERATOR (NECO).

THE FIRST RADIOACTIVE MATERIAL WAS DISPOSED AT THE MAXEY FLATS DISPOSAL SITE IN MAY 1963.  FROM
MAY 1963 TO DECEMBER 1977, NECO MANAGED AND OPERATED THE DISPOSAL OF AN ESTIMATED 4,750,000
CUBIC FEET OF LOW-LEVEL RADIOACTIVE WASTE (LLRW) AT THE MFDS.

IN ORDER TO PROTECT PUBLIC HEALTH AND THE ENVIRONMENT FROM EXPOSURE, LOW LEVEL RADIOACTIVE WASTE
MUST BE ISOLATED DURING THE TIME THAT ITS RADIOACTIVITY IS DECAYING.  TO ACHIEVE THIS ISOLATION
AT THE MFDS, LOW LEVEL RADIOACTIVE WASTE WAS DISPOSED AT THE SITE USING SHALLOW LAND BURIAL. 
THE WASTE WAS DISPOSED OF IN 46 LARGE, UNLINED TRENCHES (SOME UP TO 680 FEET LONG, 70 FEET WIDE
AND 30 FEET DEEP) WHICH COVER APPROXIMATELY 27 ACRES OF LAND WITHIN A 45-ACRE FENCED PORTION OF
THE SITE KNOWN AS THE RESTRICTED AREA.  HOWEVER, "HOT WELLS" WERE ALSO USED AT THE MFDS FOR THE
BURIAL OF SMALL-VOLUME WASTES WITH HIGH SPECIFIC ACTIVITY.  MOST OF THE "HOT WELLS" ARE 10 TO 15
FEET DEEP, CONSTRUCTED OF CONCRETE, COATED STEEL PIPE OR TILE, AND CAPPED WITH A LARGE SLAB OF  
CONCRETE.

THE TRENCH WASTES WERE DEPOSITED IN BOTH SOLID AND SOLIDIFIED-LIQUID FORM.  SOME WASTES ARRIVED
AT THE SITE IN CONTAINERS SUCH AS DRUMS, WOODEN CRATES, AND CONCRETE OR CARDBOARD BOXES.  OTHER
WASTES WERE DISPOSED OF LOOSELY.  FILL MATERIAL (SOIL), TYPICALLY 3 TO 10 FEET IN THICKNESS, WAS
THEN PLACED OVER THE TRENCHES TO SERVE AS A PROTECTIVE COVER.  AFTER 1977, SIX ADDITIONAL
TRENCHES WERE EXCAVATED FOR THE DISPOSAL OF MATERIAL GENERATED ON-SITE, BRINGING THE TOTAL
NUMBER OF TRENCHES AT THE SITE TO 52.

ENVIRONMENTAL MONITORING, IN 1972, BY THE KENTUCKY DEPARTMENT OF HEALTH (DEPARTMENT FOR HUMAN
RESOURCES) REVEALED POSSIBLE MIGRATION OF RADIONUCLIDES FROM THE RESTRICTED AREA.  THIS
MONITORING INDICATED THAT WATER ENTERING THE TRENCHES HAD BECOME THE PATHWAY BY WHICH
RADIOACTIVE CONTAMINANTS, PRIMARILY TRITIUM WHICH IS A RADIOACTIVE FORM OF HYDROGEN, WERE
BEGINNING TO MIGRATE OUT OF THE DISPOSAL TRENCHES.  A SPECIAL STUDY OF THE SITE WAS CONDUCTED BY
THE COMMONWEALTH OF KENTUCKY IN 1974 TO DETERMINE WHETHER THE MFDS POSED ANY CONTAMINATION
PROBLEM.  THE STUDY CONFIRMED THAT TRITIUM AND OTHER RADIOACTIVE CONTAMINANTS WERE MIGRATING OUT
OF THE TRENCHES AND THAT SOME RADIOACTIVE MATERIAL HAD MIGRATED INTO UNRESTRICTED AREAS. 
VARIOUS OTHER STUDIES OF THE MFDS WERE INITIATED BY THE US EPA, US NUCLEAR REGULATORY
COMMISSION, US GEOLOGICAL SURVEY, AND THE KENTUCKY DEPARTMENT FOR HUMAN RESOURCES DURING THE
1970'S AND 1980'S.

THE KENTUCKY SCIENCE AND TECHNOLOGY COMMISSION WAS ABOLISHED IN 1976 AND THE PERPETUAL CARE AND
MAINTENANCE RESPONSIBILITIES FOR THE MFDS WERE TRANSFERRED TO THE KENTUCKY DEPARTMENT OF
FINANCE.

IN 1977, DURING CONSTRUCTION OF TRENCH 46, IT WAS DETERMINED THAT LEACHATE WAS MIGRATING THROUGH
THE SUBSURFACE GEOLOGY (APPROXIMATELY 25 FEET BELOW GROUND SURFACE).  SUBSEQUENTLY, IN DECEMBER
1977, THE COMMONWEALTH ORDERED NECO TO CEASE THE RECEIPT AND BURIAL OF RADIOACTIVE WASTE.

IN 1978, THE COMMONWEALTH AND NECO ENTERED INTO AN AGREEMENT UNDER WHICH NECO'S TWENTY-FIVE YEAR
CONTRACT/LEASE WAS TERMINATED.  AFTER DISPOSAL OPERATIONS CEASED AND THE LEASE WITH NECO WAS
TERMINATED, NECO'S LICENSE REMAINED IN EFFECT, WITH CERTAIN MODIFICATIONS, UNTIL 1979 AT WHICH
TIME THE LICENSE WAS TRANSFERRED TO THE COMMONWEALTH.  THE COMMONWEALTH'S OPERATIONAL
RESPONSIBILITIES AT THE MFDS WERE TRANSFERRED FROM THE DEPARTMENT OF FINANCE TO THE DEPARTMENT
FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION IN 1979, WITH REGULATORY RESPONSIBILITIES  
REMAINING WITH THE KENTUCKY DEPARTMENT FOR HUMAN RESOURCES.  UPON TRANSFER OF NECO'S LICENSE TO
THE COMMONWEALTH, PRIVATE COMPANIES SUCH AS WESTINGHOUSE ELECTRIC CORPORATION (THE CURRENT SITE



CUSTODIAN) WERE HIRED TO STABILIZE AND MAINTAIN THE SITE.  STABILIZATION AND MAINTENANCE 
ACTIVITIES HAVE INCLUDED INSTALLATION OF TEMPORARY COVERS OVER AN APPROXIMATE 27-ACRE TRENCH
DISPOSAL AREA, SURFACE WATER CONTROLS, SUBSIDENCE MONITORING AND CONTAMINANT MONITORING.

FROM 1973 THROUGH APRIL, 1986, AN EVAPORATOR WAS OPERATED AT THE SITE AS A MEANS OF MANAGING THE
LARGE VOLUME OF WATER INFILTRATING THE DISPOSAL TRENCHES AS WELL AS WASTE WATER GENERATED BY
ON-SITE ACTIVITIES.  THE EVAPORATOR GENERALLY OPERATED 24 HOURS PER DAY, APPROXIMATELY 250 DAYS  
OF THE YEAR UNTIL 1986, WHEN IT WAS SHUT DOWN.  THE EVAPORATOR PROCESSED MORE THAN 6,000,000
GALLONS OF LIQUIDS, LEAVING BEHIND EVAPORATOR CONCENTRATES WHICH WERE THEN STORED IN ON-SITE,
ABOVE-GROUND TANKS. EVAPORATOR CONCENTRATES WERE EVENTUALLY DISPOSED OF BY THE COMMONWEALTH IN
TRENCH 50, WHICH WAS CONSTRUCTED IN 1985 AND 1986.

IN 1981, A POLYVINYLCHLORIDE (PVC) COVER WAS PLACED OVER THE DISPOSAL TRENCHES AS A MEANS OF
MINIMIZING THE INFILTRATION OF RAINFALL INTO THE TRENCHES.  LIQUID STORAGE TANKS REMAINED
ON-SITE FOR FUTURE STORAGE OF SITE-GENERATED LIQUIDS AND EMERGENCY TRENCH OVERFLOW PUMPING
OPERATIONS. THOSE STEPS, HOWEVER, WERE TEMPORARY.

IN 1983, AT THE REQUEST OF THE COMMONWEALTH, EPA BEGAN THE PROCESS OF DETERMINING WHETHER THE
MFDS WOULD BE ELIGIBLE FOR REMEDIATION UNDER CERCLA.  IN 1984, EPA PROPOSED THE MFDS FOR
INCLUSION ON THE NATIONAL PRIORITIES LIST (NPL) OF HAZARDOUS WASTE SITES TO BE ADDRESSED UNDER
THE FEDERAL SUPERFUND PROGRAM AND, IN 1986, THIS LISTING WAS FINALIZED.

THE MFDS WAS A PRIMARY DISPOSAL FACILITY FOR LOW-LEVEL RADIOACTIVE WASTE IN THE UNITED STATES
DURING ITS PERIOD OF OPERATION.  AS A RESULT, THE LIST OF PARTIES POTENTIALLY LIABLE FOR SITE
CLEANUP, KNOWN AS POTENTIALLY RESPONSIBLE PARTIES ("PRPS"), INCLUDES MORE THAN 650 (2) 
RADIOACTIVE WASTE GENERATORS AND TRANSPORTERS.  THE GENERATOR PRPS (3) INCLUDE MANY PRIVATE
COMPANIES IN THE NUCLEAR INDUSTRY AS WELL AS NUMEROUS HOSPITALS, RESEARCH INSTITUTIONS AND
LABORATORIES.  SEVERAL FEDERAL AGENCIES, INCLUDING THE US DEPARTMENT OF DEFENSE (DOD) AND US  
DEPARTMENT OF ENERGY (DOE) ARE ALSO GENERATORS OF SITE WASTE.  THE COMMONWEALTH OF KENTUCKY, AS
THE SITE OWNER (4) AND A GENERATOR, IS ALSO A PRP.

(2) IF EACH FACILITY OR DIVISION OF A PRP IS TREATED AS A SINGLE ENTITY, THE NUMBER OF
PRPS TOTALS MORE THAN 800.
(3) SOME OF THESE RADIOACTIVE WASTE GENERATORS ALSO DISPOSED OF CHEMICAL WASTES AT THE
MFDS.

(4) THE COMMONWEALTH WAS REQUIRED BY STATE AND FEDERAL REGULATIONS TO OWN THE MFDS
PROPERTY, AS IS REQUIRED FOR ALL LOW-LEVEL RADIOACTIVE WASTE DISPOSAL SITES.

IN 1986, EPA ISSUED GENERAL NOTICE LETTERS NOTIFYING 832 POTENTIALLY RESPONSIBLE PARTIES OF
THEIR POTENTIAL LIABILITY WITH RESPECT TO SITE CONTAMINATION AND OFFERING THEM AN OPPORTUNITY TO
CONDUCT AND FUND A REMEDIAL INVESTIGATION/FEASIBILITY STUDY (RI/FS) OF THE MFDS. IN MARCH 1987,
EIGHTY-TWO PRPS SIGNED AN ADMINISTRATIVE ORDER BY CONSENT (EPA DOCKET NO. 87-08-C) TO PERFORM
THE RI/FS.  THIS GROUP OF PRPS FORMED THE MAXEY FLATS STEERING COMMITTEE (COMMITTEE).  THE
COMMITTEE HAS CONDUCTED AND PARTIALLY FUNDED THE TECHNICAL WORK REQUIRED FOR THE REMEDIAL  
INVESTIGATION/FEASIBILITY STUDY PERFORMED AT THE SITE.  THE LARGEST PORTION OF COSTS INCURRED IN
CONDUCTING THE RI/FS WAS PAID BY DOD AND DOE, BOTH NAMED AS PRPS BUT NOT MEMBERS OF THE MAXEY
FLATS STEERING COMMITTEE.

IN NOVEMBER 1988, EPA NOTIFIED THE PRPS OF AN IMMINENT THREAT TO PUBLIC HEALTH, WELFARE AND THE
ENVIRONMENT POSED BY THE POTENTIAL RELEASE OF LIQUIDS STORED IN THE ON-SITE STORAGE TANKS.  THE
THREAT AROSE FROM THE PRESENCE OF ELEVEN 20,000 GALLON TANKS IN THE TANK FARM BUILDING THAT HAD
BEEN PRESENT ON-SITE FOR 10 TO 15 YEARS AND WHOSE STRUCTURAL INTEGRITY WAS OF GREAT CONCERN. 
THE UNSTABLE CONDITION OF THE FILLED-TO-CAPACITY TANKS POSED AN IMMEDIATE THREAT TO PUBLIC



HEALTH AND THE ENVIRONMENT.  THE PRPS DECLINED THE OFFER TO PARTICIPATE IN THE REMOVAL ACTIONS;
THUS, ON DECEMBER 19, 1988, EPA INITIATED PHASE ONE OF THE REMOVAL.

PHASE ONE CONSISTED OF THE INSTALLATION OF HEATERS IN THE TANK FARM BUILDING TO PREVENT THE
FREEZING, AND SUBSEQUENT RUPTURING, OF TANK VALVES AND FITTINGS WHICH WERE SUBMERGED UNDER WATER
THAT HAD INFILTRATED THE TANK FARM BUILDING.  PHASE ONE, WHICH WAS COMPLETED IN FEBRUARY 1989,
ALSO INCLUDED THE INSTALLATION OF ADDITIONAL STORAGE CAPACITY ON-SITE.

PHASE TWO OF THE REMOVAL WAS INITIATED BY EPA IN JUNE 1989. PHASE TWO BEGAN WITH THE
SOLIDIFICATION OF APPROXIMATELY 286,000 GALLONS OF RADIOACTIVE LIQUIDS STORED IN THE ELEVEN
TANKS AND OF WATER THAT HAD ACCUMULATED ON THE FLOOR OF THE TANK FARM BUILDING.  SOLIDIFICATION  
ACTIVITIES WERE COMPLETED IN NOVEMBER 1989 AND RESULTED IN THE GENERATION OF 216 BLOCKS OF
SOLIDIFIED TANK AND TANK FLOOR LIQUIDS. BURIAL OF THESE BLOCKS, WHICH WERE STORED ON-SITE AND
ABOVE-GROUND, WAS INITIATED IN AUGUST 1991 WITH COMPLETION SCHEDULED FOR NOVEMBER 1991. 
SOLIDIFICATION BLOCKS WILL BE DISPOSED IN A NEWLY CONSTRUCTED TRENCH WITHIN THE MFDS RESTRICTED
AREA.

THE REMEDIAL INVESTIGATION REPORT FOR THE MFDS WAS APPROVED BY EPA IN JULY 1989.  THE
FEASIBILITY STUDY FOR THE MFDS WAS FINALIZED AND, ALONG WITH THE ADMINISTRATIVE RECORD FILE FOR
THE SITE TO DATE, WAS SUBMITTED TO THE PUBLIC IN MAY 1991.

#HCP
3.0 HIGHLIGHTS OF COMMUNITY PARTICIPATION

COMMUNITY INTEREST AND CONCERN ABOUT THE MFDS BEGAN IN 1963 SHORTLY AFTER APPROXIMATELY 252
ACRES OF LAND WAS PURCHASED FOR RADIOACTIVE WASTE DISPOSAL OPERATIONS.  AREA RESIDENTS REPORTED
INITIALLY THAT THEY WERE NOT INFORMED OF PLANS FOR THE PROPERTY AND THAT AUTHORITIES PROVIDED
LITTLE OR NO OPPORTUNITIES FOR COMMUNITY INPUT TO THE DECISION-MAKING PROCESS.  AREA RESIDENTS
ALSO WERE CONCERNED WITH METHODS USED TO PLACE WASTES IN THE DISPOSAL TRENCHES.  WHEN THE
COMMONWEALTH RELEASED ITS 1974 STUDY OF THE SITE, FINDINGS OF ELEVATED RADIONUCLIDE LEVELS DREW
THE ATTENTION OF LOCAL AND NATIONAL MEDIA.  IN RESPONSE, CITIZENS IN THE SITE COMMUNITY FORMED
THE MAXEY FLATS RADIATION PROTECTION ASSOCIATION TO INVESTIGATE SITE CONDITIONS AND PUBLICIZED
THE NEED FOR PROTECTION OF NEARBY RESIDENTS.  ORGANIZED CITIZEN CONCERN DECLINED FOR A PERIOD
AFTER THE COMMONWEALTH CLOSED THE SITE TO THE RECEIPT OF WASTES IN LATE 1977.

CONCERN RESURFACED IN 1979 WHEN AREA RESIDENTS LEARNED THAT TRITIUM WAS ESCAPING FROM AN
EVAPORATOR USED AT THE SITE TO REDUCE THE VOLUME OF LIQUIDS THAT HAD ACCUMULATED FROM TRENCH
PUMPING OPERATIONS.  A SECOND GROUP, CALLED THE CONCERNED CITIZENS FOR MAXEY FLATS, FORMED TO
ORGANIZE CITIZEN CONCERNS REGARDING THE TRITIUM RELEASES.  THIS GROUP REQUESTED THAT PUBLIC
WATER BE PROVIDED TO RESIDENTS IN THE MAXEY FLATS SITE VICINITY.  PUBLIC WATER WAS EXTENDED IN
1985, BY THE FLEMING COUNTY WATER ASSOCIATION, AFTER WHICH ORGANIZED COMMUNITY EFFORTS AGAIN  
SUBSIDED.  COMMUNITY MEMBERS REMAINED CONCERNED, HOWEVER, THAT THE SITE SHOULD BE CLEANED UP.

THE PRESENT-DAY MAXEY FLATS CONCERNED CITIZENS, INC. (MFCC) HAS BEEN VERY ACTIVE THROUGHOUT THE
REMEDIAL INVESTIGATION (RI) AND FEASIBILITY STUDY (FS).  THE MFCC SUBMITTED AN APPLICATION TO
EPA FOR A TECHNICAL ASSISTANCE GRANT (TAG) IN 1988, AND ON JANUARY 13, 1989, EPA PROVIDED
$50,000 TO THE MFCC FOR THE PURPOSE OF HIRING TECHNICAL ADVISORS TO HELP THE LOCAL COMMUNITY
UNDERSTAND AND INTERPRET SITE-RELATED TECHNICAL INFORMATION AND ADVISE THE COMMUNITY ON ITS
PARTICIPATION IN THE DECISION-MAKING PROCESS.

A COMMUNITY RELATIONS PLAN FOR THE MFDS WAS DEVELOPED AND FINALIZED IN 1988, WHICH DESCRIBED THE
PROPOSED COMMUNITY RELATIONS ACTIVITIES, ALONG WITH A WORK PLAN DESCRIBING THE TECHNICAL WORK TO
BE PERFORMED AS PART OF THE RI/FS.  PURSUANT TO THE COMMUNITY RELATIONS PLAN, INFORMATION  
REPOSITORIES WERE ESTABLISHED INTO WHICH EPA COULD PLACE INFORMATION TO KEEP THE PUBLIC APPRISED



OF DEVELOPMENTS RELATED TO THE MFDS.  DUE TO THE PROXIMITY OF THE SITE TO BOTH THE CITIES OF
MOREHEAD AND FLEMINGSBURG, AND THE LOCATIONS OF INTERESTED CITIZENS, TWO INFORMATION
REPOSITORIES WERE ESTABLISHED FOR THE MFDS; ONE LOCATED IN THE FLEMING COUNTY PUBLIC LIBRARY,
303 SOUTH MAIN CROSS STREET, FLEMINGSBURG, KY, 41041; AND THE SECOND, LOCATED IN THE ROWAN
COUNTY PUBLIC LIBRARY, 129 TRUMBO STREET, MOREHEAD, KENTUCKY, 40351.

BEGINNING WITH THE COMMUNITY RELATIONS PLAN AND THE RI/FS WORK PLAN IN FEBRUARY 1988, A NUMBER
OF SITE-RELATED DOCUMENTS HAVE BEEN PLACED IN THE REPOSITORIES.  A DRAFT VERSION OF THE RI
REPORT WAS PLACED IN BOTH REPOSITORIES IN NOVEMBER 1988 AND THE FINAL RI REPORT WAS PLACED IN
THE REPOSITORIES IN SEPTEMBER 1989.  THE REVISED DRAFT FEASIBILITY STUDY REPORT WAS PROVIDED TO
THE MFCC IN SEPTEMBER 1989; REVISION PAGES TO THE REVISED DRAFT FS REPORT WERE ALSO PROVIDED TO
THE MFCC IN DECEMBER 1989, AND THE FINAL FS REPORT WAS SUBMITTED TO THE MFCC AND TO BOTH 
INFORMATION REPOSITORIES IN JUNE 1991.  THE ADMINISTRATIVE RECORD FILE, WHICH IS A COMPILATION
OF DOCUMENTS AND INFORMATION CONSIDERED DURING THE SELECTION OF THE SITE REMEDY, WAS PLACED IN
THE FLEMING COUNTY PUBLIC LIBRARY ON JUNE 12, 1991, AND ON JUNE 14, 1991 AT THE ROWAN COUNTY
PUBLIC LIBRARY.

IN ADDITION TO THE TECHNICAL REPORTS AND DOCUMENTS PLACED IN THE REPOSITORIES, FACT SHEETS
SUMMARIZING PARTICULAR SITE DEVELOPMENTS HAVE PERIODICALLY BEEN ISSUED TO HELP KEEP THE PUBLIC
INFORMED ABOUT ACTIVITIES AT THE MFDS.  FACT SHEETS WERE ISSUED BY EPA IN SEPTEMBER 1987, JULY
1989 AND MAY 1991.  ADDITIONALLY, FACT SHEETS HAVE BEEN PERIODICALLY DISTRIBUTED BY THE MFCC AND
THE MAXEY FLATS STEERING COMMITTEE THROUGHOUT THE RI/FS PROCESS.  ON MAY 30, 1991, EPA MAILED  
MORE THAN 600 PROPOSED PLAN FACT SHEETS TO MEMBERS OF THE COMMUNITY, INTERESTED PARTIES, AND
POTENTIALLY RESPONSIBLE PARTIES, INFORMING THEM OF EPA'S PREFERRED REMEDY AND ANNOUNCING THE
HOLDING OF A PUBLIC MEETING ON JUNE 13, 1991.

A NUMBER OF MEETINGS HAVE ALSO BEEN HELD REGARDING DEVELOPMENTS AT THE MFDS.  EPA HELD A
CITIZEN'S INFORMATION MEETING IN JANUARY 1988, AND AGAIN IN SEPTEMBER 1988 AT THE FOX VALLEY
ELEMENTARY SCHOOL IN WALLINGFORD, KENTUCKY TO DISCUSS THE ACTIVITIES TO BE PERFORMED AS PART OF
THE RI/FS.  A MEETING WAS HELD WITH THE MFCC IN SEPTEMBER 1989 TO DISCUSS THE DEVELOPMENT OF
REMEDIAL ALTERNATIVES IN THE FEASIBILITY STUDY.  A CITIZENS RALLY WAS PUT ON BY THE MFCC IN
OCTOBER 1989 TO DISCUSS THE RI FINDINGS, RISK ASSESSMENT CONCLUSIONS, AND REMEDY OPTIONS.  IN
OCTOBER 1990, THE MFCC SPONSORED A FORUM ON THE MFDS (WHICH INCLUDED EPA, COMMONWEALTH AND PRP
PARTICIPATION) TO DISCUSS THE SITE STATUS.  ON MAY 22, 1991, EPA AND THE COMMONWEALTH OF
KENTUCKY HELD A MEETING WITH LANDOWNERS ADJACENT TO THE MFDS FOR THE PURPOSE OF DISCUSSING THE
BUFFER ZONE COMPONENT OF THE PREFERRED REMEDY AND, ON JUNE 13, 1991, EPA SPONSORED A PUBLIC
MEETING AT THE ERSIL P. WARD ELEMENTARY SCHOOL IN WALLINGFORD, KY TO DISCUSS EPA'S PREFERRED
REMEDY FOR SITE CLEANUP AS WELL AS OTHER ALTERNATIVES CONSIDERED DURING THE FS PROCESS.  PRESS
CONFERENCES AND SITE TOURS WERE CONDUCTED IN OCTOBER 1987 AND JUNE 1991.

THE PUBLIC MEETING ON THE PREFERRED REMEDY/PROPOSED PLAN, WHICH WAS HELD ON JUNE 13, 1991,
INITIATED A PUBLIC COMMENT PERIOD WHICH CONCLUDED ON AUGUST 13, 1991.  A PRESS RELEASE AND THREE
LOCAL NEWSPAPER NOTICES WERE PUBLISHED ANNOUNCING THE MEETING.  PRIOR TO THE INITIATION OF THE
PUBLIC COMMENT PERIOD, EPA EXTENDED THE USUAL 30-DAY PUBLIC COMMENT PERIOD ON THE PREFERRED
REMEDY/PROPOSED PLAN TO 60 DAYS DUE TO SITE COMPLEXITY, NUMEROUS ISSUES INVOLVED, NUMBER OF
DOCUMENTS IN THE ADMINISTRATIVE RECORD FILE, AND A HIGH LEVEL OF COMMUNITY INTEREST AT THE SITE.

A RESPONSE TO THE COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD IS INCLUDED IN THE
RESPONSIVENESS SUMMARY, WHICH IS APPENDIX A TO THIS RECORD OF DECISION.  A TRANSCRIPT OF THE
JUNE 13, 1991 PUBLIC MEETING ON THE PREFERRED REMEDY/PROPOSED PLAN IS INCLUDED AS APPENDIX C OF
THIS RECORD OF DECISION.



#SRRA
4.0 SCOPE AND ROLE OF RESPONSE ACTION

THE SELECTED REMEDY PRESENTED IN THIS DECISION DOCUMENT SERVES AS THE FIRST AND FINAL REMEDIAL
ACTION FOR THE MAXEY FLATS DISPOSAL SITE.  THE TREATMENT, CONTAINMENT, ENGINEERING AND
INSTITUTIONAL CONTROL COMPONENTS OF THE SELECTED REMEDY WILL REDUCE THE POTENTIAL RISKS FROM THE
SITE TO AN ACCEPTABLE LEVEL UPON REMEDY COMPLETION.  AS PART OF THE SELECTED REMEDY, EPA WILL
REQUIRE FURTHER DATA COLLECTION AND ANALYSES TO DETERMINE THE NECESSITY OF A HORIZONTAL FLOW
BARRIER AS A COMPONENT OF THE REMEDY.  IF, BASED ON THIS DATA COLLECTION AND ANALYSES, EPA  
DETERMINES THAT A HORIZONTAL FLOW BARRIER IS NECESSARY, IT WILL BE INSTALLED AS PART OF THIS
REMEDIAL ACTION.  THE TYPE AND LOCATION OF THE BARRIER WILL BE DETERMINED BY EPA IN CONSULTATION
WITH THE COMMONWEALTH.

#SOSC
5.0 SUMMARY OF SITE CHARACTERISTICS

THE REMEDIAL INVESTIGATION (RI), WHICH WAS INITIATED AT THE MAXEY FLATS DISPOSAL SITE (MFDS) IN
1987, INCLUDED THE COLLECTION OF MORE THAN 700 SAMPLES AT, AND ADJACENT TO, THE MFDS, FROM
ENVIRONMENTAL MEDIA SUCH AS TRENCH LEACHATE, GROUND WATER, SOIL AND SOIL WATER, SURFACE WATER,
AND STREAM SEDIMENT.  THE SAMPLES WERE ANALYZED FOR A VARIETY OF RADIOLOGICAL AND
NON-RADIOLOGICAL (CHEMICALS, METALS, ETC.) CONSTITUENTS.  A SUMMARY OF THE SAMPLE MATRIX, NUMBER
OF SAMPLES, AND TYPE OF SAMPLE ANALYSES PERFORMED DURING THE REMEDIAL INVESTIGATION IS PRESENTED
IN TABLE 2.

THE ENVIRONMENTAL ANALYSES CONDUCTED DURING THE RI COMPLEMENTED THE EXTENSIVE SAMPLING
ACTIVITIES PREVIOUSLY PERFORMED BY THE COMMONWEALTH, THE UNITED STATES GEOLOGICAL SURVEY AND
NATIONAL LABORATORIES.  THE DATA COLLECTED PRIOR TO THE RI WAS UTILIZED IN THE RI TO THE EXTENT 
PRACTICABLE.  SAMPLING ACTIVITIES BY THE COMMONWEALTH ARE STILL CONTINUING.

5.1 NATURE AND EXTENT OF CONTAMINATION

MOST OF THE WASTE DISPOSED OF AT THE MFDS WAS IN SOLID FORM, ALTHOUGH SOME CONTAINER-ENCLOSED
LIQUIDS AND SOLIDIFIED LIQUID WASTES WERE ACCEPTED DURING THE EARLIER YEARS OF SITE OPERATION. 
THE WASTES WERE IN A VARIETY OF CONTAINERS INCLUDING CARDBOARD OR FIBERBOARD BOXES, WOODEN 
CRATES, SHIELDED DRUMS OR CASKS, AND CONCRETE BLOCKS.  WASTES OF LOW SPECIFIC ACTIVITY WHICH
WERE BURIED IN THE RESTRICTED AREA INCLUDE PAPER, TRASH, CLEANUP MATERIALS AND LIQUIDS, PACKING
MATERIALS, PROTECTIVE APPAREL, PLASTICS, LABORATORY GLASSWARE, OBSOLETE EQUIPMENT,
RADIOPHARMACEUTICALS, CARCASSES OF ANIMALS, AND MISCELLANEOUS RUBBLE. HIGHER ACTIVITY WASTE
BURIED IN THE RESTRICTED AREA INCLUDED SEALED SOURCES, IRRADIATED REACTOR PARTS, FILTERS,
ION-EXCHANGE RESINS, AND SHIELDING MATERIALS.  TRANSURANIC WASTE, GENERALLY ASSOCIATED WITH
GLOVE BOXES, GASKETS, PLASTICS, RUBBER TUBING, PAPER, AND RAGS, WAS ALSO BURIED AT THE MFDS.

INFORMATION ON THE TYPES AND QUANTITIES OF CHEMICAL WASTES BURIED AT THE MFDS WAS GENERALLY NOT
RECORDED AT THE TIME OF WASTE BURIAL.  HOWEVER, SOME RADIOACTIVE SHIPMENT RECORDS NOTE THE
DISPOSAL OF "LIQUID SCINTILLATION VIALS" ("LSVS").  LSVS ARE SMALL VIALS, GENERALLY CONTAINING A
SOLVENT AND A RADIOACTIVE CONSTITUENT.  LSVS ARE USED IN LABORATORIES TO COUNT THE AMOUNT OF
RADIOACTIVITY IN LABORATORY SAMPLES FOR DIAGNOSTIC TESTS, ENVIRONMENTAL MONITORING AND IN OTHER
INDUSTRIAL AND MEDICAL APPLICATIONS.  THE PRINCIPAL HAZARDOUS ORGANIC CONSTITUENTS ASSOCIATED
WITH LIQUID SCINTILLATION FLUIDS ARE TOLUENE AND XYLENE.

THE TOTAL VOLUME OF WASTE RECEIVED FROM OFF-SITE AND BURIED AT THE MFDS HAS BEEN ESTIMATED AT
APPROXIMATELY 4.8 MILLION CUBIC FEET.  OF THIS VOLUME, THE ACTIVITY OF BY-PRODUCT MATERIAL ALONE
(MATERIAL THAT HAS BECOME RADIOACTIVE BY NEUTRON ACTIVATION IN NUCLEAR REACTORS), DISPOSED OF AT
THE MFDS, HAS BEEN ESTIMATED AT 2.4 MILLION CURIES.  MUCH OF THIS MATERIAL WAS REPORTED AS MIXED



FISSION PRODUCTS; THUS, THE TOTAL ACTIVITY FROM BY-PRODUCT WASTE MAY BE UNDERESTIMATED.  OTHER
WASTES DISPOSED OF AT THE MFDS INCLUDE SPECIAL NUCLEAR MATERIAL (PLUTONIUM, URANIUM-233 AND
ENRICHED URANIUM-235) AND SOURCE MATERIAL (URANIUM AND THORIUM, NOT INCLUDING SPECIAL NUCLEAR
MATERIAL).

IN ADDITION TO THE WASTES RECEIVED FROM OFF-SITE SOURCES, ON-SITE OPERATIONS HAVE GENERATED
MATERIAL WHICH INCLUDES WASTE FROM GROUND SURFACE GRADING, TRENCH LEACHATE PUMPING, EVAPORATOR
OPERATION, AND GENERAL WASTE HANDLING.  WASTES GENERATED FROM ON-SITE ACTIVITIES HAVE BEEN
DISPOSED OF, IN SOLID FORM, IN NEWLY CONSTRUCTED TRENCHES WITHIN THE SITE'S RESTRICTED AREA. 
TRENCHES 48 AND HIGHER CONTAIN WASTE GENERATED FROM ON-SITE ACTIVITIES.  TRENCH DIMENSIONS AND
VOLUMES ARE PRESENTED IN TABLE 3.

5.1.1 TRENCH CHARACTERISTICS

THE RI ESTIMATED THAT A TOTAL OF APPROXIMATELY 2.8 MILLION GALLONS OF LEACHATE ARE IN THE
DISPOSAL TRENCHES.  THE RI, AS WELL AS PREVIOUS INVESTIGATIONS, CONCLUDED THAT THERE IS A LARGE
RANGE OF CONTAMINANT CONCENTRATIONS IN SAMPLES COLLECTED FROM TRENCHES IN DIFFERENT PARTS OF THE
RESTRICTED AREA.  ADDITIONALLY, SITE RECORDS INDICATE THAT SAMPLES (TRITIUM, GROSS ALPHA AND
BETA PARTICLE ANALYSES) FROM THE SAME TRENCH SUMP YIELD VARYING CONCENTRATIONS AT DIFFERENT
TIMES.

FIFTEEN TRENCH SUMPS WERE SAMPLED DURING THE RI.  TRENCH SUMP SAMPLING LOCATIONS ARE ILLUSTRATED
IN FIGURE 5.  THE TRENCH LEACHATE WAS FOUND TO CONTAIN A VARIETY OF RADIONUCLIDES (OF WHICH
TRITIUM IS THE MOST PREDOMINANT), AS PRESENTED IN TABLE 4.  IN GENERAL, THE NON-RADIOLOGICAL,
CHEMICAL CONCENTRATIONS IN TRENCH LEACHATE SAMPLES WERE LOW.  THE DOMINANT CHEMICAL CONSTITUENTS
DETECTED WERE SOLVENTS, CHELATING AGENTS, PHTHALATE ESTERS, HYDROCARBONS, PHENOLICS, ETHERS, AND 
CARBOXYLIC ACIDS.  CONCENTRATIONS OF CHEMICAL CONSTITUENTS RANGED FROM NON-DETECT TO LESS THAN
10 PPM.  (SEE TABLE 5.) A REVIEW OF PRE-RI TRENCH DATA INDICATES THAT THE TOTAL ORGANIC CARBON
(TOC) CONCENTRATION WAS VARIABLE AMONG THE TRENCHES SAMPLED, WITH TOC VALUES RANGING FROM 460 TO
3300 PPM.  THE RESULTS OF INORGANIC SAMPLE ANALYSES ARE PRESENTED IN TABLE 6.  IN GENERAL,
TRENCH LEACHATE APPEARED TO BE HIGHLY BUFFERED AND EXHIBITED NEAR-NEUTRAL PH VALUES.  THE TRENCH 
SAMPLES YIELDED NEGATIVE RESULTS FOR RCRA SCREENING TESTS FOR SULFIDE AND IGNITABILITY. 
ADDITIONALLY, ORGANIC AND INORGANIC ANALYSES PERFORMED ON THE TRENCH LEACHATE SAMPLES INDICATED
THAT EP TOXICITY AND TOXICITY CHARACTERISTIC LEACHABILITY PROCEDURE (TCLP) TEST RESULTS WOULD  
ALSO BE NEGATIVE FOR THOSE SAMPLES.  TABLE 7 PRESENTS THE RESULTS OF RCRA ANALYSES PERFORMED ON
TRENCH LEACHATE SAMPLES.

5.1.2 GEOLOGY AND GROUND WATER

MAXEY FLATS IS LOCATED IN THE APPALACHIAN PLATEAU, IN THE KNOBS PHYSIOGRAPHIC REGION OF
NORTHEAST KENTUCKY.  THE MFDS LIES IN A TECTONICALLY STABLE REGION OF NORTH AMERICA WITH FEW
EXPOSED FAULTS AND RELATIVELY INFREQUENT EARTHQUAKES.  HOWEVER, MINOR DAMAGE FROM EARTHQUAKES
HAS BEEN REPORTED IN THE REGION FROM RECENT EARTHQUAKES, ONE OF WHICH OCCURRED IN 1988, HAVING A
MAGNITUDE OF 4.5 ON THE RICHTER SCALE WITH AN EPICENTER APPROXIMATELY 25 MILES SOUTHWEST OF THE
MFDS.

FIGURE 6 ILLUSTRATES THE ROCK UNITS EXPOSED IN THE AREA SURROUNDING MFDS WHICH CONSIST OF SHALE,
SILTSTONE, AND SANDSTONE RANGING IN AGE FROM THE SILURIAN TO MISSISSIPPIAN (320 TO 430 MILLION
YEARS OLD).  IN THE MFDS AREA, THE ROCK UNITS DIP 25 FEET PER MILE (0.3 DEGREES); REGIONALLY
THEY DIP TO THE EAST AT 30 TO 50 FEET PER MILE.

THE NANCY MEMBER OF THE BORDEN FORMATION IS EXPOSED ON THE HILLTOP AT THE MFDS AND IS 27 TO 60
FEET THICK.  THE UNIT IS MOSTLY SHALE WITH TWO LATERALLY EXTENSIVE SILTSTONE BEDS, THE LOWER
MARKER BED (LMB) AND UPPER MARKER BED (UMB).  THESE BEDS ARE 0.2 TO 2.8 FEET THICK WHERE  



ENCOUNTERED DURING DRILLING OPERATIONS AT THE MFDS.

UNDERLYING THE NANCY MEMBER, THE FARMERS MEMBER OF THE BORDEN FORMATION IS CHARACTERIZED AS AN
INTERBEDDED SILTSTONE AND SHALE, APPROXIMATELY 29 TO 42 FEET THICK.  UNDERLYING THE FARMERS
MEMBER IS THE FOUR TO SEVEN FEET THICK SHALE OF THE HENLEY BED, 17 TO 18 FEET THICK SUNBURY
SHALE, AND 21 FEET THICK BEDFORD SHALE.

FRACTURES ARE PRESENT IN ALL ROCK UNITS AT THE MFDS, WITH FRACTURE SETS ORIENTED, IN DESCENDING
ORDER, NORTHEAST-SOUTHWEST, NORTHWEST-SOUTHEAST, AND NORTH-SOUTH.  THE FRACTURE SETS ARE
GENERALLY WITHIN 20 DEGREES OF VERTICAL.  THE WEATHERED SHALE OF THE NANCY MEMBER IS THE MOST
HIGHLY FRACTURED.  MOST GROUND WATER AVAILABLE FOR SAMPLING DURING THE RI WAS OBTAINED FROM
FRACTURES OF GEOLOGIC UNITS.  FIGURE 7 IDENTIFIES THE LOCATION OF MONITORING WELLS SAMPLED FOR
GROUND WATER.

THE DISTINGUISHING FEATURE OF THE NANCY MEMBER, AND PERHAPS THAT OF THE SITE'S GEOLOGY, IS THE
LOWER MARKER BED OF THE NANCY MEMBER.  THE LMB IS A THIN SILTSTONE LAYER THAT IS GENERALLY
FLAT-LYING (SOME LOCAL UNDULATIONS OF THE BED ARE PRESENT, HOWEVER), FRACTURED AND WEATHERED, 
AND LIES APPROXIMATELY 15 TO 25 FEET BELOW GROUND SURFACE.  THE LMB IS THE PRINCIPAL LEACHATE
FLOW PATHWAY AT THE MFDS AND UNDERLIES OR INTERSECTS THE MAJORITY OF DISPOSAL TRENCHES. 
CONSEQUENTLY, THE LMB IS A HIGHLY CONTAMINATED GEOLOGIC UNIT AT THE MFDS.  ANOTHER
DISTINGUISHING CHARACTERISTIC OF THE LMB IS THAT UNDERLYING UNITS ARE HYDRAULICALLY CONNECTED TO
THE LMB.  HOWEVER, RATES AND QUANTITIES OF FLOW TO THE UNDERLYING UNITS ARE, MOST LIKELY, LOW.

IT IS ESTIMATED THAT THE MAXIMUM TOTAL FLOW RATE AWAY FROM THE RESTRICTED AREA AND THROUGH THE
LMB REPRESENTS 70 PERCENT OF THE ENTIRE FLOW SYSTEM AT THE MFDS.  THE VOLUME OF LMB EXFILTRATION
TO THE HILLSLOPES HAS BEEN ESTIMATED AT APPROXIMATELY 159 GALLONS PER DAY, AT A MINIMUM.  THE
TOTAL FLOW FROM THE LMB AND LOWER LYING BEDS HAS BEEN ESTIMATED AT 227 GALLONS PER DAY.

VERTICAL MIGRATION BETWEEN GEOLOGICAL STRATA IS LIMITED BY SHALE LAYERS OF LOW PERMEABILITY,
WHICH ACT AS AQUITARDS.  ON THE WEST SIDE OF THE SITE, TRENCH LEACHATE MIGRATES HORIZONTALLY
THROUGH FRACTURES OF THE LOWER MARKER BED, WHICH LIES APPROXIMATELY 15 FEET BELOW GROUND SURFACE 
IN THAT AREA.  ON THE EAST SIDE OF THE SITE, THE 40 SERIES TRENCHES, WHICH COMMONLY BOTTOM NEAR
THE TOP OF THE FARMERS MEMBER (APPROXIMATELY 40 FEET BELOW GROUND SURFACE), LEACH TRITIUM AND
OTHER CONTAMINATION TO THE FARMERS MEMBER.  BECAUSE THE MFDS IS BOUNDED ON THREE SIDES BY STEEP  
SLOPES, THE CONTAMINATED LEACHATE MIGRATING HORIZONTALLY THROUGH THE FRACTURED SILTSTONE LAYERS
GENERALLY MOVES INTO THE BOTTOM OF THE SOIL LAYER ON THESE HILLSLOPES.  HOWEVER, AS EVIDENCED BY
THE OCCURRENCE OF SEEPS ON THE EAST HILLSIDE, NOT ALL LEACHATE MIGRATES TO THE BOTTOM OF THE
SOIL LAYER ON THE HILLSLOPES.

HYDROGEOLOGIC EVALUATIONS OF THE MFDS INDICATE THAT GROUND WATER MOVEMENT THROUGH THE ROCK
STRATA TO THE DISPOSAL TRENCHES MAY BE NEGLIGIBLE.  HOWEVER, A POTENTIAL PATHWAY FOR GROUND
WATER FLOW INTO THE TRENCHES WOULD BE THROUGH THE NARROW NECK AT THE NORTH SIDE OF THE SITE 
WHERE THE MFDS TRENCH AREA IS CONNECTED TO THE MAIN PORTION OF THE MAXEY PLATEAU.  BECAUSE OF
PRESENT WATER MOUNDING AT THE SITE (I.E., THERE IS A HIGHER POTENTIOMETRIC SURFACE AT THE CENTER
OF THE SITE THAN AT THE EDGES), THE TENDENCY IS FOR WATER/LEACHATE TO MIGRATE OUTWARDLY FROM THE 
SITE RATHER THAN INTO IT.  FURTHERMORE, EVEN IF THE TREND WERE REVERSED, THE GROUND WATER
MIGRATION INTO THE TRENCHES IS ANTICIPATED TO BE MINIMAL FOR TWO REASONS.  FIRST, THE VERY
LIMITED PERMEABILITY OF THE VARIOUS ROCK STRATA (EXCEPT THROUGH FRACTURES) WOULD PRECLUDE 
SIGNIFICANT MIGRATION.  SECOND, DUE TO THE NATURAL GEOLOGICAL CONFIGURATION OF THE MFDS PLATEAU
AND THE NARROW LAND BRIDGE CONNECTING THE MFDS TO THE REMAINDER OF THE PLATEAU, GROUND WATER
FLOWING SOUTH TOWARD THE TRENCHES WOULD VERY LIKELY MIGRATE AND DRAIN INTO THE NATURAL GULLIES
TO THE EAST AND WEST OF THE CONNECTING LAND BRIDGE RATHER THAN MIGRATE THE LONGER DISTANCE INTO
THE TRENCHES.  FURTHER MODELING, MONITORING, AND DATA EVALUATION ARE PLANNED TO ASSESS
HYDROGEOLOGIC CONDITIONS AT THE MFDS.



TRITIUM IS THE PREDOMINANT RADIONUCLIDE DETECTED IN GROUND WATER, AS CONFIRMED DURING THE RI. 
SAMPLES TAKEN FROM MONITORING WELLS IN THE LOWER MARKER BED HAD HIGHER TRITIUM CONCENTRATIONS
(UP TO 2,000,000 PCI/MILLILITER) THAN SAMPLES TAKEN FROM DEEPER GEOLOGIC UNITS, WITH THE  
HIGHEST TRITIUM CONCENTRATIONS DETECTED ON THE WEST SIDE OF THE RESTRICTED AREA.  OTHER
RADIONUCLIDES DETECTED INCLUDE COBALT-60, CARBON-14, STRONTIUM-90, RADIUM-226, URANIUM-233/234,
URANIUM-235, URANIUM-238, PLUTONIUM-238, AND PLUTONIUM-239/240.  THESE TRITIUM CONCENTRATIONS
AND THE PRESENCE OF OTHER RADIONUCLIDES INDICATE THAT THE CONTAMINATION WAS CAUSED BY TRENCH
LEACHATE.  TABLE 8 SUMMARIZES THE RESULTS OF RADIONUCLIDE ANALYSES ON GROUND WATER SAMPLES
COLLECTED DURING THE RI.

NON-RADIONUCLIDE ANALYSES IN MONITORING WELLS INDICATE THE PRESENCE OF ORGANICS AND INORGANICS
SUCH AS BENZENE, TOLUENE, XYLENES, ARSENIC, TOTAL PHENOLICS AND CYANIDE.  THE HIGHEST
CONCENTRATIONS OF NON-RADIONUCLIDES WERE DETECTED IN WELLS COMPLETED IN THE LMB ON THE WEST SIDE
OF THE RESTRICTED AREA, WHICH ALSO HAD THE HIGHEST RADIOLOGICAL CONTAMINATION.  TABLES 9 THROUGH
11 PRESENT THE RESULTS OF ORGANIC, INORGANIC AND RCRA ANALYSES ON GROUND WATER SAMPLES COLLECTED 
DURING THE RI.

THE LMB AND THE FARMERS MEMBER ARE THE TWO PRINCIPAL GEOLOGICAL FORMATIONS AT THE MFDS BY WHICH
LEACHATE MIGRATES TO THE HILLSLOPES.

5.1.3 SOILS

SOIL COVER ON THE HILLSLOPES IN THE MFDS AREA AVERAGES FIVE FEET THICK, BUT RANGES FROM 0.5 TO
GREATER THAN 18 FEET THICK.  THE SOIL TYPES ARE GENERALLY AN UPPER SOIL UNIT OF CLAYEY SILT, AND
A LOWER SOIL UNIT OF SILTY CLAY.

FIGURE 8 IDENTIFIES THE LOCATIONS OF SOIL SAMPLES OBTAINED FROM HAND AUGERS DURING THE RI.  IN
THE SOILS ON THE THREE SLOPES ADJACENT TO THE SITE, TRITIUM IS THE PREDOMINANT CONTAMINANT, WITH
THE LARGEST CONTAMINATED AREAS AND HIGHEST LEVELS OF TRITIUM CONTAMINATION ON THE UPPER PART OF
THE NORTHWEST SIDE OF THE SITE (NORTH OF THE WESTERN SERIES TRENCHES).  TRITIUM CONCENTRATIONS
RANGED FROM NON-DETECT TO 560,000 PCI/MILILITER.  THE SOIL ANALYSES, IN CONJUNCTION WITH THE 
GROUND WATER AND TRENCH LEACHATE ANALYSES, INDICATE THAT TRITIUM HAS MIGRATED THROUGH THE
FRACTURED LMB FROM THE TRENCHES TOWARD THE WEST HILLSLOPE AND HAS SUBSEQUENTLY MIGRATED
DOWN-SLOPE ALONG THE SOIL/ROCK INTERFACE.  ADDITIONALLY, ELEVATED TRITIUM CONCENTRATIONS (50 TO
420 PCI/MILILITER) WERE OBSERVED NEAR THE CENTER OF THE EAST SLOPE, BELOW AN OUTCROP OF THE
FRACTURED FARMERS MEMBER.  SEE FIGURE 9.  THIS TRITIUM ORIGINATED IN THE 40 SERIES TRENCHES ON
THE EAST SIDE OF THE SITE, WHICH WERE EXCAVATED TO NEAR THE TOP OF THE UPPER FARMERS MEMBER. 
OTHER SITE-RELATED RADIONUCLIDES DETECTED IN SOILS AT THE MFDS INCLUDE COBALT-60 (0.3 PCI/GRAM)
AND CESIUM-137 (0.1 - 0.8 PCI/GRAM).  PREVIOUS TESTING ALONG THE SOIL-ROCK INTERFACE BY THE
COMMONWEALTH INDICATED THE PRESENCE OF ADDITIONAL RADIONUCLIDES SUCH AS STRONTIUM-90, CARBON-14, 
AND PLUTONIUM-238 AND -239.  TABLE 12 PROVIDES THE CONCENTRATION RANGES OF RADIONUCLIDES IN RI
SOIL SAMPLES.

TOLUENE WAS THE MOST WIDELY DETECTED CHEMICAL CONTAMINANT AT THE MFDS, RANGING FROM 40 TO 250
PPB.  OTHER VOLATILE ORGANIC CONTAMINANTS DETECTED IN SOILS INCLUDE ACETONE AND METHYLENE
CHLORIDE IN LOW CONCENTRATIONS.  PESTICIDES, PCBS, AND SEMI-VOLATILE CONTAMINANTS WERE NOT
DETECTED IN SOILS OF THE MFDS STUDY AREA, WITH THE EXCEPTION OF ONE PESTICIDE, DIELDRIN, WHICH
WAS DETECTED IN A FOOD CROP STUDY AREA (SEE DISCUSSION BELOW).  ALL SOIL SAMPLES DISPLAYED
INORGANIC CONCENTRATIONS WITHIN RANGES CONSIDERED NORMAL FOR SOILS, WITH THE EXCEPTION OF
ARSENIC, WHICH WAS DETECTED AT 60 TO 106 PPM.  TABLES 13 AND 14 PROVIDE THE CONCENTRATION RANGES
FOR ORGANIC AND INORGANIC ANALYSES, RESPECTIVELY, PERFORMED ON SITE SOIL SAMPLES DURING THE RI. 
AS INDICATED IN TABLES 15 AND 16, NEGATIVE RESULTS WERE REPORTED FOR THE RCRA PARAMETERS TESTED
FOR SOIL AND SOIL WATER.  ORGANIC AND INORGANIC ANALYSES PERFORMED ON THESE SOIL SAMPLES
INDICATE THAT EP TOXICITY AND TCLP TEST RESULTS WOULD ALSO BE NEGATIVE.



SAMPLES COLLECTED IN THE FOOD CROP STUDY AREA (SEE FIGURE 10 FOR SAMPLE LOCATIONS) INDICATE NO
SITE-RELATED CONTAMINATION IN THESE OFF-SITE LOCATIONS.  DIELDRIN, A PESTICIDE, WAS DETECTED IN
ONE FOOD CROP SAMPLE BUT IS RELATED TO FARMING ACTIVITIES RATHER THAN THE SITE.

5.1.4 SURFACE WATER AND SEDIMENTS

SURFACE WATER AND SEDIMENT INVESTIGATIONS DURING THE RI INVOLVED THE COLLECTION AND ANALYSES OF
SAMPLES FROM SURFACE WATER RUNOFF LEAVING THE RESTRICTED AREA (WHICH EXITS THROUGH THREE WATER
CONTROL STRUCTURES LOCATED AT THE PERIPHERY OF THE RESTRICTED AREA) AND OFF-SITE CREEKS WHICH
RECEIVE RUNOFF FROM THE MFDS AS WELL AS FROM OFF-SITE SOURCES. FIGURE 11 ILLUSTRATES THE
LOCATIONS OF SURFACE WATER AND SEDIMENT SAMPLE COLLECTION DURING THE RI.

TRITIUM (10 TO 60 PCI/MILILITER) AND RADIUM-226 (0.26 PCI/GRAM {ROCK LICK CREEK} AND 0.29
PCI/GRAM {DRIP SPRINGS HOLLOW}) WERE THE ONLY RADIONUCLIDES DETECTED IN THE SURFACE WATER
SAMPLES DURING THE RI. CONCENTRATIONS OF TRITIUM WERE HIGHEST AT THE WATER CONTROL STRUCTURES  
ADJACENT TO THE RESTRICTED AREA AND DECREASED WITH DISTANCE AWAY FROM THE RESTRICTED AREA.  THE
PRINCIPAL SOURCES OF TRITIUM ENTERING THESE STRUCTURES ARE CONTAMINATED LIQUIDS THAT HAVE
MIGRATED FROM THE TRENCHES TO THE HILLSLOPES THROUGH FRACTURED BEDROCK AND ATMOSPHERIC RELEASES
OF TRITIUM FROM THE TRENCHES.  THE CONCENTRATION RANGES OF RADIONUCLIDES IN SURFACE WATER
SAMPLES ARE PRESENTED IN TABLE 17.

THE COMMONWEALTH OF KENTUCKY HAS DETECTED STRONTIUM-90 IN SURFACE WATER IN THE EAST MAIN
DRAINAGE CHANNEL.  THE COMMONWEALTH HAS ALSO DETECTED STRONTIUM-90 IN THE EAST POND, AT THE EAST
POND OUTLET, AND IN THE SOUTH DRAINAGE AREA.  ADDITIONALLY, THE COMMONWEALTH HAS DETECTED
TRITIUM CONCENTRATIONS IN VARIOUS SITE DRAINS IN EXCESS OF 1000 PCI/MILILITER.

ANALYTICAL RESULTS FROM THE RI INDICATE LOW CONCENTRATIONS (RANGING FROM 5 PPB TO 98 PPB) OF
CHEMICAL CONSTITUENTS IN SURFACE WATER.  CHEMICAL CONTAMINANTS DETECTED IN SURFACE WATER SAMPLES
WERE LIMITED TO ACETONE, 2-BUTANONE, CHLOROFORM, TOLUENE, BIS(2-ETHYLHEXYL)PHTHALATE, AND  
HEXACHLOROBENZENE.  CONCENTRATION RANGES OF ORGANIC AND INORGANIC CHEMICALS ARE PRESENTED IN
TABLES 18 AND 19, RESPECTIVELY.

IN CONJUNCTION WITH THE SURFACE WATER SAMPLING PROGRAM DURING THE RI, SEDIMENT SAMPLES WERE
COLLECTED AT THE SAME LOCATIONS (SEE FIGURE 11). SEDIMENT SAMPLE ANALYSES INDICATED TRITIUM IN
CONCENTRATIONS RANGING FROM 10 TO 70 PCI/MILILITER.  TRITIUM CONCENTRATIONS WERE GREATER AT THE  
WATER CONTROL STRUCTURES ADJACENT TO THE RESTRICTED AREA THAN AT THE MORE DISTANT STREAM
SAMPLING STATIONS.  OTHER RADIONUCLIDE CONCENTRATIONS IN SEDIMENT MOISTURE WERE WITHIN THE RANGE
OF BACKGROUND CONCENTRATIONS.  (SEE TABLE 20 FOR CONCENTRATION RANGES OF RADIONUCLIDES IN STREAM
SEDIMENT SAMPLES.)

VOLATILE ORGANIC CHEMICALS (ACETONE, 2-BUTANONE, METHYLENE CHLORIDE, AND TOLUENE) DETECTED IN
SEDIMENT SAMPLES RANGED FROM 5 PPB TO 170 PPB. SEMI-VOLATILE ORGANIC CHEMICAL CONSTITUENTS
(PHTHALATE ESTERS, PHENOL, PHENANTHRENE, FLUORANTHENE, AND PYRENE) RANGED FROM 5 PPB TO 1800
PPB. THE HIGHEST CONCENTRATION DETECTED WAS PHTHALATE ESTERS.  PHTHALATE ESTERS WERE ONLY
DETECTED IN SAMPLES ASSOCIATED WITH SURFACE WATER RUNOFF FROM THE RESTRICTED AREA AND THE
PROBABLE SOURCE OF THE PHTHALATE ESTERS IS THE PVC USED TO COVER THE TRENCHES.  (SEE TABLES 21
AND 22 FOR CONCENTRATION RANGES OF ORGANICS AND INORGANICS, RESPECTIVELY, IN STREAM SEDIMENT
SAMPLES.)

5.1.5 AIR

ALTHOUGH AN AIR QUALITY INVESTIGATION WAS NOT PERFORMED DURING THE REMEDIAL INVESTIGATION OF THE
MFDS, ATMOSPHERIC DATA IS AVAILABLE FOR THE SITE FROM 1983 TO PRESENT.  FOR THE YEARS 1983 TO
1987, THE AVERAGE GROSS ALPHA, GAMMA, AND BETA CONCENTRATIONS MEASURED AT THE AIR MONITORING



STATIONS AROUND THE PERIMETER OF THE RESTRICTED AREA WERE THREE TO FIVE TIMES LOWER THAN THE
MAXIMUM CONCENTRATION PERMITTED BY COMMONWEALTH REGULATIONS OUTSIDE THE RESTRICTED AREA FOR
INDIVIDUAL RADIONUCLIDES.  THE AVERAGE TRITIUM ACTIVITY MEASURED AT THE AIR MONITORING STATIONS
RANGED FROM 240 TO 3,000 PCI/CUBIC METER DURING THE YEARS 1983 TO 1986, AND AVERAGED 275
PCI/CUBIC METER IN 1987.  FOR COMPARATIVE PURPOSES, THE AVERAGE TRITIUM ACTIVITY FOR 1987 IS
LESS THAN 0.2 PERCENT OF THE MAXIMUM PERMISSIBLE CONCENTRATION (200,000 PCI/CUBIC METER) FOR
AREAS OUTSIDE THE RESTRICTED AREA.  THE HIGHEST AVERAGE AIRBORNE TRITIUM CONCENTRATION MEASURED
AT A SINGLE LOCATION DURING 1987 WAS 1,260 PCI/CUBIC METER, 0.6 PERCENT OF THE AVERAGE ANNUAL
MAXIMUM PERMISSIBLE CONCENTRATION.

THE PRIMARY SOURCE OF AIRBORNE RADIATION PRIOR TO 1987 WAS THE EVAPORATOR SYSTEM.  (THE SITE
EVAPORATOR CEASED OPERATION AT THE MFDS IN 1986).  THE TREND OF AIRBORNE TRITIUM CONCENTRATIONS
HAS CLOSELY FOLLOWED THE RELEASE OF TRITIUM BY THE SITE'S EVAPORATOR SYSTEM. TRITIUM
CONCENTRATIONS MEASURED AT THE AIR MONITORING STATIONS MARKEDLY DECREASED DURING 1983 AND 1987
WHEN THE EVAPORATOR WAS NOT OPERATING, AND AGAIN IN 1986 WHEN THE EVAPORATOR WAS OPERATING AT
LOWER CAPACITIES. OTHER POTENTIAL SOURCES OF AIRBORNE RADIATION ARE TRITIUM TRANSPIRED BY TREES,
DIFFUSION OF TRITIUM VAPOR DIRECTLY THROUGH THE TRENCH CAP, AND THE ASCENSION OF TRITIUM-BEARING
GASES ESCAPING FROM TRENCH SUMPS.

#SOSR
6.0 SUMMARY OF SITE RISKS

AS PART OF THE RI/FS, AN ASSESSMENT OF SITE RISKS WAS PERFORMED BY THE MAXEY FLATS STEERING
COMMITTEE (COMMITTEE) USING EXISTING SITE DATA AND INFORMATION GATHERED DURING THE REMEDIAL
INVESTIGATION.  THE COMMITTEE'S APPENDIX D TO THE FEASIBILITY STUDY REPORT, AND EPA'S ADDENDUM
REPORT TO THE FS REPORT, MAY BE CONSULTED FOR A MORE IN-DEPTH EXPLANATION OF BOTH THE PROCESS
AND RESULTS OF THE RISK ASSESSMENT FOR THE MAXEY FLATS DISPOSAL SITE.  THE DOSE ESTIMATES
PRESENTED IN THIS SECTION ARE MEDIAN DOSES, UNLESS OTHERWISE NOTED.  ADDITIONALLY, THE
ASSUMPTIONS EMPLOYED IN THE CALCULATION OF SITE RISKS AND RESULTANT DOSE ESTIMATES, PROVIDED IN
THIS SECTION, ARE DERIVED FROM THE COMMITTEE'S FINAL, APRIL 1991 RISK ASSESSMENT, UNLESS
OTHERWISE NOTED.

THE RISK ASSESSMENT IDENTIFIED THE CONTAMINANT SOURCES AND EXPOSURE PATHWAYS WHICH POSE THE
GREATEST POTENTIAL THREAT TO HUMAN HEALTH AND THE ENVIRONMENT AND THEN EVALUATED THE BASELINE
RISKS ASSOCIATED WITH A NO ACTION ALTERNATIVE; I.E., A SCENARIO WHICH ASSUMED THAT THE SITE 
WOULD BE ABANDONED.  THE RISK ASSESSMENT ASSUMED EXPOSURE SCENARIOS THAT INVOLVED (1) THE
DEGRADATION OF THE EXISTING SOIL CAP AND THE SUBSEQUENT LEACHING AND TRANSPORT OF RADIONUCLIDES
OFFSITE, AND (2) INDIVIDUALS TRESPASSING AND ESTABLISHING RESIDENCE AT THE SITE.

POTENTIAL CONTAMINATION SOURCES AT THE MFDS WERE DETERMINED TO INCLUDE TRENCH MATERIAL,
LEACHATE, SITE STRUCTURES, ABOVE-GROUND TANKS, GROUND SURFACES, GROUND WATER, AND SOIL. 
POTENTIAL ROUTES OF EXPOSURE TO CONTAMINANTS, CALLED EXPOSURE PATHWAYS, WERE DEVELOPED BASED ON
BOTH THE CURRENT SITE CONDITIONS AND FUTURE, POTENTIAL PATHWAYS TYPICALLY EXAMINED IN A PUBLIC
HEALTH EVALUATION.  FOR THE MFDS, TWO SETS OF POTENTIAL PATHWAYS WERE EVALUATED - INTRUDER
(ON-SITE) PATHWAYS AND NON-INTRUDER (OFF-SITE) PATHWAYS.  FOR THE INTRUDER SCENARIO, IT WAS  
ASSUMED THAT THE SITE WOULD BE ABANDONED AND AN INDIVIDUAL WOULD OCCUPY AN AREA OF THE SITE
WHICH IS CURRENTLY KNOWN AS THE RESTRICTED AREA. THE NON-INTRUDER SCENARIO, LIKE THE INTRUDER
PATHWAYS, ASSUMED THE SITE WOULD BE ABANDONED, BUT INVOLVED PATHWAYS (PRIMARILY OFF-SITE
PATHWAYS) OTHER THAN THOSE ASSOCIATED WITH OCCUPYING THE SITE.

OF THE CONTAMINANTS IDENTIFIED AT THE MFDS, TWO SETS OF CONTAMINANTS REPRESENTING THE GREATEST
POTENTIAL FOR IMPACTING HUMAN HEALTH, CALLED INDICATOR CONTAMINANTS, WERE DEVELOPED.  TABLE 23
IDENTIFIES THE TWO GROUPS OF INDICATOR CONTAMINANTS SELECTED FOR THE MAXEY FLATS DISPOSAL SITE,
RADIONUCLIDE AND NON-RADIONUCLIDE INDICATORS.



6.1 OFF-SITE EXPOSURE SCENARIO

THE PATHWAYS EVALUATED FOR THE OFF-SITE EXPOSURE SCENARIO ARE LISTED IN TABLE 24, AND DESCRIBED
BELOW.  IN ORDER TO EVALUATE THE POTENTIAL OFF-SITE EXPOSURE SCENARIO, IT WAS ASSUMED THAT THE
SITE WAS ABANDONED AND NO MEASURES ARE IN PLACE TO CONTROL OR MITIGATE SITE RELEASES. 
APPROXIMATELY 10 PERCENT OF RAINWATER WAS ASSUMED TO PENETRATE DEEP INTO THE TRENCHES AND LEACH
RADIONUCLIDES FROM THE WASTE.  THE CONTAMINATED RAINWATER WAS ASSUMED TO PERCOLATE DOWN INTO THE
STRATA UNDERLYING THE TRENCHES AND MIGRATE LATERALLY BENEATH THE TRENCHES TO THE MFDS
HILLSLOPES.  FROM HERE, THE CONTAMINATED WATER WAS ASSUMED TO PARTIALLY EVAPORATE AND PARTIALLY
TO BE TRANSPORTED DOWN THE HILLSLOPES TO THE VALLEY BELOW.  AS A RESULT OF EVAPOTRANSPIRATION,
TRITIATED WATER BECOMES AIRBORNE AND IS TRANSPORTED OFF-SITE TO RECEPTOR LOCATIONS.

6.1.1 WELL WATER PATHWAY

THE OFF-SITE WELL WATER PATHWAY INCLUDES THE FOLLOWING ASSUMPTIONS:

• A DRINKING WATER WELL IN THE ALLUVIUM BECOMES CONTAMINATED; LEACHATE MIGRATES IN
GROUND WATER FROM THE TRENCHES THROUGH THE LOWER MARKER BED (LMB), LOWER NANCY AND
FARMERS MEMBERS TO THE HILLSLOPE; MIGRATION DOWN THE HILLSLOPE IS VIA SURFACE WATER
RUNOFF IN WASHES; DILUTION BY SURFACE RUNOFF WATER, EVAPOTRANSPIRATION LOSSES ON THE 
HILLSLOPE, INFILTRATION INTO THE ALLUVIUM AT THE BOTTOM OF THE HILLSLOPE, AND
DILUTION IN THE ALLUVIAL GROUND WATER BY ADDITIONAL RECHARGE AND UPSTREAM GROUND
WATER OCCUR.

• THE MFDS AND SURROUNDING AREA ARE DIVIDED INTO EIGHT SUB-BASIN DRAINAGE AREAS, WHICH
CARRY DIFFERENT PROPORTIONS OF RUNOFF AND CONTAMINANTS AND ARE ANALYZED  
INDIVIDUALLY FOR CONTRIBUTIONS TO ALLUVIAL GROUND WATER IN THE STREAM VALLEYS.

• INDIVIDUALS USE A WELL IN THE ALLUVIUM FOR DRINKING WATER OVER A LIFETIME AND
CONSUME TWO LITERS PER DAY.

• NO CONTAMINANTS MIGRATE VIA GROUND WATER THROUGH THE COLLUVIUM, SOIL, OR BEDROCK
INTO THE ALLUVIAL AQUIFER.

• RADIOACTIVE DECAY REDUCES RADIONUCLIDE CONCENTRATIONS OVER THE ESTIMATED TRAVEL TIME
FOR THE PATHWAY.

• RADIONUCLIDES AND OTHER CONTAMINANTS ARE SUBJECT TO RETARDATION BY SORPTION EFFECTS.

FIGURE 12 ILLUSTRATES THE PROJECTED EXTENT OF POTENTIALLY CONTAMINATED ALLUVIUM, UNDER A NO
ACTION ALTERNATIVE, USED IN EVALUATING EXPOSURES ASSOCIATED WITH THE WELL WATER PATHWAY.

6.1.2 SURFACE WATER PATHWAY

THIS PATHWAY BEGINS IN THE SAME MANNER AS THE WELL WATER PATHWAY; THAT IS, CONTAMINATED RUNOFF
TRAVELS DOWN THE HILLSLOPE.  HOWEVER, UNLIKE THE WELL WATER PATHWAY, WHERE THE FLOW IS DIVIDED
INTO EIGHT REGIONS, ALL THE RADIOACTIVITY IS ASSUMED TO BE DEPOSITED INTO A CREEK, AND THE CREEK 
WATER IS USED AS A SOURCE OF DRINKING WATER FOR LIVESTOCK.  IN ADDITION, GRASS IN THE VICINITY
OF THE CREEK IS INGESTED BY THE LIVESTOCK.  HUMANS THEN INGEST THE CONTAMINATED MILK AND BEEF.

6.1.3 EROSION PATHWAY

ANOTHER PATHWAY INCLUDED IN THE OFF-SITE EXPOSURE SCENARIO IS THE EROSION PATHWAY.  THE EROSION
PATHWAY ASSUMED THAT, WITHOUT EROSION CONTROLS, SURFACE AND HILLSLOPE SOIL WILL BE TRANSPORTED



TO THE ALLUVIAL VALLEY.  THE ANALYSIS IS BASED ON THE ASSUMPTION THAT NO STEPS ARE TAKEN TO
PREVENT THE "BATHTUB" EFFECT OR TO PROTECT THE OVERLYING SOIL FROM EROSION.  AS A RESULT OF THE
"BATHTUB" EFFECT, LEACHATE IS ASSUMED TO RISE UP PERIODICALLY, SATURATE THE OVERLYING SOIL, AND
OVERFLOW THE TRENCHES.  THE OVERLYING SOIL THEREBY BECOMES CONTAMINATED AND, WHEN ERODED DOWN TO
THE ALLUVIAL VALLEY, BECOMES A SOURCE OF EXPOSURE TO INDIVIDUALS LIVING IN THE VALLEY.

THE EROSION PATHWAY ACTUALLY CONSISTS OF A SUBSET OF PATHWAYS WHICH INCLUDE THE FOLLOWING: (1)
DIRECT RADIATION FROM LIVING ON CONTAMINATED ALLUVIUM, (2) THE INGESTION OF CONTAMINATED SURFACE
WATER, (3) THE INGESTION OF VEGETABLES GROWN IN CONTAMINATED ALLUVIUM, AND (4) THE INGESTION OF
BEEF AND MILK OBTAINED FROM CATTLE AND MILK COWS RAISED ON WATER OBTAINED FROM THE CREEK AND
FODDER FROM THE CONTAMINATED ALLUVIAL PLAIN.

THE DRINKING WATER PATHWAY OF THE EROSION PATHWAY IS BASED ON THE ASSUMPTION THAT AN INDIVIDUAL
OBTAINS ALL HIS DRINKING WATER FROM A LOCAL CREEK.  DOSES FROM THE INGESTION OF VEGETABLES ARE
BASED ON THE ASSUMPTION THAT ALL VEGETABLES ARE OBTAINED FROM GARDENS LOCATED ON THE 
CONTAMINATED ALLUVIUM.  SIMILARLY, MILK AND BEEF DOSES ARE BASED ON THE ASSUMPTION THAT THE
CATTLE AND COWS OBTAIN ALL THEIR DRINKING WATER FROM THE CREEK AND FODDER FROM GRASS GROWING IN
THE CONTAMINATED ALLUVIUM. THE DOSES ALSO INCLUDE DIRECT RADIATION FROM CONTINUAL EXPOSURE FROM
LIVING ON CONTAMINATED ALLUVIUM.  THESE DOSES WERE BASED ON THE ASSUMPTION THAT THE
CONTAMINATION IS AN EFFECTIVE INFINITE PLANE, WITH NO CREDIT TAKEN FOR SHIELDING.

THE EXPOSURES ASSOCIATED WITH THE EROSION PATHWAYS WERE PERFORMED FOR A RANGE OF TIME PERIODS
THAT REFLECT A DECAYING SOURCE TERM AND A CHANGING EROSION RATE.  THE RESULTS OF THE ANALYSES
FOR THE UPPERBOUND ESTIMATE FOR THE EROSION PATHWAY ARE PRESENTED IN TABLE 25.  EPA BELIEVES
THAT THE UPPERBOUND ESTIMATES ARE THE APPROPRIATE VALUES ASSOCIATED WITH THE EROSION PATHWAY DUE
TO THE NUMBER OF UNCERTAINTIES IN THE EROSION PATHWAY ANALYSIS.  SEE SECTION 6.3 - RISK
UNCERTAINTIES, FOR A DISCUSSION OF RISK ASSESSMENT UNCERTAINTIES.

6.1.4 SEDIMENT PATHWAY

ANOTHER OFF-SITE PATHWAY EVALUATED IN THE MFDS BASELINE RISK ASSESSMENT WAS THAT OF A CHILD
INGESTING CONTAMINATED SEDIMENTS.  CONTAMINANTS TRAVEL TO THE HILLSLOPES AND INTO THE SURFACE
WATER SYSTEM.  AS THE CONTAMINATED SURFACE WATER MOVES OVER THE STREAM BEDS, SOME OF THE  
CONTAMINANTS ADHERE TO THE SEDIMENTS OF THE STREAM BED.  THEN, THROUGH THE COURSE OF PLAY IN THE
STREAM BEDS, A CHILD INGESTS 0.7 GRAMS OF CONTAMINATED SEDIMENTS PER DAY.  IT WAS ASSUMED THAT
THE SEDIMENTS ARE APPROXIMATELY 50 PERCENT WATER, WHICH CONTAINS TRITIUM AT THE SAME
CONCENTRATION AS THE SURFACE WATER.

6.1.5 DEER PATHWAY

THIS PATHWAY INVOLVES THE MIGRATION OF CONTAMINANTS TO THE HILLSLOPES. UPON REACHING THE
HILLSLOPES, THE CONTAMINATION IS INCORPORATED INTO PLANTS.  APPROXIMATELY 150 KILOGRAMS/YEAR OF
CONTAMINATED PLANTS ARE THEN EATEN BY DEER FORAGING ON THE HILLSLOPES.  ALSO, THE DEER DRINKS  
3650 LITERS/YEAR OF CONTAMINATED WATER FROM THE STREAMS.  THE CONTAMINANTS ARE THEN INCORPORATED
INTO THE MEAT OF THE DEER.  A HUNTER KILLS THE DEER AND INGESTS 5 KILOGRAMS OF DEER MEAT PER
YEAR.

6.1.6 EVAPOTRANSPIRATION PATHWAY

THIS PATHWAY INVOLVES THE UPTAKE OF CONTAMINATED LIQUIDS INTO PLANTS. THROUGH THE PROCESS OF
EVAPOTRANSPIRATION, WHICH IS THE RELEASE OF WATER VAPOR FROM THE PLANTS TO THE ATMOSPHERE,
TRITIUM IS RELEASED TO THE AIR AND INCORPORATED INTO FOOD AND DRINKING WATER SOURCES, OR
DIRECTLY INHALED BY A HUMAN.  TRITIUM IS THE ONLY CONTAMINANT TO MOVE BY THIS PATHWAY.



6.1.7 TRENCH SUMP PATHWAY

THIS PATHWAY INVOLVES THE ESCAPE OF TRITIATED WATER FROM TRENCHES VIA TRENCH SUMPS AND CRACKS IN
THE TRENCH CAP.  A PERSON THEN INHALES THE CONTAMINATED AIR.  TRITIUM IS THE ONLY CONTAMINANT TO
MOVE BY THIS PATHWAY.

6.1.8 CONCLUSIONS OF THE OFF-SITE EXPOSURE SCENARIO

THE RESULTS OF THE RISK ASSESSMENT REVEALED THAT, FOR OFF-SITE EXPOSURE PATHWAYS, TRITIUM IS THE
CRITICAL RADIONUCLIDE.  THE WELL WATER PATHWAY IS, BY FAR, THE DOMINANT OFF-SITE PATHWAY.  IF NO
ACTION IS TAKEN AT THE SITE, THE TOTAL DOSE EQUIVALENT FROM ALL INDICATORS FROM ALL COMBINED  
OFF-SITE PATHWAYS TO INDIVIDUALS WOULD BE 75 MREM PER YEAR FOR THE AVERAGE CASE, ALMOST HALF OF
WHICH IS ATTRIBUTABLE TO TRITIUM.  THE UPPER BOUND ESTIMATE OF EXPOSURE FROM SUCH A SCENARIO
WOULD TOTAL 4300 MREM PER YEAR.  FOR EACH YEAR OF EXPOSURE UNDER A NO ACTION ALTERNATIVE, IT IS
ESTIMATED THAT THE LIFETIME RISK OF FATAL CANCER WOULD BE 3 X (10-5) FOR THE AVERAGE CASE (75
MREM) AND 1.7 X (10-3) FOR THE UPPERBOUND CASE (4300 MREM).  (EPA'S TARGET RISK RANGE IS 1 X
(10-4) TO 1 X (10-6) WHICH EQUATES TO ONE ADDITIONAL CANCER IN 10,000 FOR 1 X (10-4) AND ONE
ADDITIONAL CANCER IN 1,000,000 FOR 1 X (10-6).)

THE LIFETIME RISK OF CANCER FROM PROLONGED EXPOSURE (MANY YEARS OF EXPOSURE) FROM OFF-SITE
PATHWAYS WOULD BE APPROXIMATELY 1 X (10-3) (AVERAGE CASE) AND 6 X (10-2) (UPPERBOUND CASE).  THE
WELL WATER PATHWAY CONTRIBUTES THE SINGLE HIGHEST DOSE AMONG PATHWAYS, WITH SOIL EROSION 
CONTRIBUTING ALMOST ALL OF THE REMAINING DOSE.  BOTH THE AVERAGE AND UPPER BOUND ESTIMATES OF
OFF-SITE EXPOSURE EXCEED THE MFDS REMEDIATION GOAL OF 25 MREM PER YEAR FOR THE ENTIRE SITE.

DURING THE 70-YEAR TIMEFRAME (THE PERIOD OF TIME TYPICALLY USED IN EVALUATING RISKS AT SUPERFUND
SITES) FOR A NO ACTION ALTERNATIVE, TRITIUM AND STRONTIUM-90 WOULD EXCEED DRINKING WATER LIMITS
IN WATER EXTRACTED FROM WELLS LOCATED AT THE BASE OF THE HILLSLOPES AND THE 4 MREM/YR MAXIMUM
CONCENTRATION LIMIT FOR BETA ACTIVITY WOULD BE EXCEEDED.

OVER THE 500-YEAR TIME FRAME (WHICH IS A MORE LENGTHY PERIOD OF TIME THAN TYPICALLY USED AT
SUPERFUND SITES, BUT NECESSARY DUE TO THE PRESENCE OF LONG-LIVED RADIONUCLIDES AT THE MFDS),
TRITIUM, STRONTIUM-90, AND RADIUM-226 WOULD EXCEED THE DRINKING WATER LIMITS IN WATER EXTRACTED
FROM WELLS LOCATED AT THE BASE OF THE HILLSLOPES DURING THE INITIAL PART OF THE 500-YEAR
TIMEFRAME, BEFORE TRITIUM AND STRONTIUM-90 HAVE DECAYED AWAY.

6.2 ON-SITE EXPOSURE SCENARIOS

TABLE 26 LISTS THE ON-SITE (INTRUDER) PATHWAYS EVALUATED IN THE MFDS BASELINE RISK ASSESSMENT,
AS DESCRIBED BELOW.  EVALUATION OF THE ON-SITE EXPOSURE SCENARIOS INVOLVED THE ASSUMPTION THAT
THE SITE IS ABANDONED AND NO INSTITUTIONAL CONTROLS ARE IN PLACE TO PREVENT SITE ACCESS.

FOR THE INTRUDER SCENARIOS, WHICH CONSIST OF A NUMBER OF EXPOSURE PATHWAYS, A BROAD RANGE OF
POTENTIAL ON-SITE EXPOSURES WERE EVALUATED IN ORDER TO GAIN INSIGHT INTO THE FULL RANGE OF
POTENTIAL IMPACTS OF THE SITE AND HOW THOSE IMPACTS MAY CHANGE WITH TIME.

IT IS UNLIKELY THAT THE INTRUDER-DISCOVERY, INTRUDER-CONSTRUCTION, AND INTRUDER-AGRICULTURE
SCENARIOS COULD OCCUR TODAY OR IN THE IMMEDIATE FUTURE; HOWEVER, THESE SCENARIOS WERE INCLUDED
IN THE RISK ASSESSMENT TO CHARACTERIZE FULLY THE RANGE OF POTENTIAL EXPOSURES THAT COULD BE  
ASSOCIATED WITH THE SITE.  AS TIME PASSES, THESE SCENARIOS WOULD BECOME MORE LIKELY.

6.2.1 INTRUDER-TRESPASSER SCENARIO

UNDER THE INTRUDER-TRESPASSER SCENARIO, A TRESPASSER WHO OCCASIONALLY GAINS ACCESS TO THE SITE



WOULD BE EXPOSED TO DIRECT EXTERNAL RADIATION AND PERHAPS THE INHALATION OF RADIOACTIVE
PARTICULATES THAT MAY BECOME AIRBORNE THROUGH SUSPENSION PROCESSES.  IN ADDITION, IT IS LIKELY
THAT THE TRESPASSER WOULD ALSO BE EXPOSED TO AIRBORNE TRITIATED WATER VAPOR DUE TO THE
EVAPORATION OF LEACHATE.

6.2.2 INTRUDER-DISCOVERY SCENARIO

THIS PATHWAY INVOLVES THE ASSUMPTION THAT NO CONTROLS EXIST FOR THE SITE AND AN INTRUDER
INADVERTENTLY OCCUPIES THE DISPOSAL SITE AND BEGINS CONSTRUCTION ACTIVITIES.  THE INTRUDER
CONTACTS SOLID REMAINS OF WASTE OR BARRIERS, REALIZES THAT SOMETHING IS WRONG, AND CEASES
CONSTRUCTION ACTIVITIES.  HUMAN EXPOSURE TO RADIATION IS ASSUMED TO RESULT FOR A SHORT TIME FROM
EXTERNAL EXPOSURE TO THE CONTAMINATED SOILS AND INHALATION OF CONTAMINATED AIR.

6.2.3 INTRUDER-CONSTRUCTION SCENARIO

FOR THE INTRUDER-CONSTRUCTION SCENARIO, IT IS ASSUMED THAT, IN THE SCENARIO DESCRIBED FOR THE
INTRUDER-DISCOVERY ABOVE, THE CONSTRUCTION WORKER CONTINUES CONSTRUCTION ACTIVITIES.  IN THE
INTRUDER-CONSTRUCTION SCENARIO, THE BUILDER IS ASSUMED TO BE EXPOSED FROM THE FOLLOWING
PATHWAYS:



                                   TABLE 26

                          ON-SITE (INTRUDER) PATHWAYS

• INTRUDER-TRESPASSER SCENARIO: THIS SCENARIO INVOLVES THE ASSUMPTION THAT NO CONTROLS
EXIST FOR THE SITE AND A TRESPASSER OCCASIONALLY GAINS ACCESS TO THE SITE.

• INTRUDER-DISCOVERY SCENARIO -- THIS SCENARIO ASSUMES THAT NO CONTROLS EXIST FOR THE
SITE AND AN INTRUDER INADVERTENTLY OCCUPIES THE SITE AND BEGINS CONSTRUCTION         
ACTIVITIES.  THE INTRUDER CONTACTS SOLID REMAINS OF WASTE OR BARRIERS, REALIZES THAT
SOMETHING IS WRONG, AND CEASES CONSTRUCTION ACTIVITIES.  HUMAN EXPOSURE WOULD OCCUR  
THROUGH THE EXTERNAL EXPOSURE TO CONTAMINATED SOIL PATHWAY AND THROUGH THE
INHALATION OF CONTAMINATED AIR PATHWAY.

• INTRUDER-CONSTRUCTION SCENARIO: THIS SCENARIO ASSUMES THAT, IN THE SCENARIO
DESCRIBED FOR THE INTRUDER-DISCOVERY SCENARIO ABOVE, THE CONSTRUCTION WORKER
CONTINUES CONSTRUCTION ACTIVITIES.  CONSTRUCTION ACTIVITIES PENETRATE AND EXPOSE THE
WASTE.  HUMAN EXPOSURE WOULD OCCUR THROUGH THE EXTERNAL EXPOSURE TO CONTAMINATED
SOIL PATHWAY AND THROUGH THE INHALATION OF CONTAMINATED AIR PATHWAY.

• INTRUDER-AGRICULTURAL SCENARIO -- THIS SCENARIO INVOLVES THE ASSUMPTION THAT NO
CONTROLS EXIST FOR THE SITE AND AN INADVERTENT INTRUDER OCCUPIES THE SITE.  AFTER
SOME CONSTRUCTION ACTIVITIES, THE INTRUDER (SITE RESIDENT) BEGINS AGRICULTURAL
ACTIVITIES.  IT IS ASSUMED THAT SOME PERCENT OF THE INTRUDER'S ANNUAL DIET COMES
FROM CROPS RAISED IN THE CONTAMINATED SOIL AND FROM FOOD PRODUCTS PRODUCED BY
ANIMALS.  EXTERNAL EXPOSURE AND INGESTION OF CONTAMINATED GROUND WATER FROM A WELL
ARE TWO PATHWAYS INCLUDED IN THIS SCENARIO.  IT IS ALSO ASSUMED THAT A QUANTITY OF
CONTAMINATED SOIL IS INGESTED BY A CHILD DURING PLAY OR AN ADULT AT WORK IN THE
FIELDS.  INHALATION OF RESUSPENDED CONTAMINATED SOIL AND THE MIGRATION OF RADON INTO
THE INTRUDER'S BASEMENT ARE ADDITIONAL PATHWAYS OF THE INTRUDER-AGRICULTURE
SCENARIO.

• DIRECT GAMMA - DIRECT RADIATION FROM STANDING IN THE EXCAVATED HOLE.

• SUSPENSION OF PARTICULATES FROM CONSTRUCTION - INHALATION OF PARTICLES SUSPENDED
DURING CONSTRUCTION, EXTERNAL EXPOSURE FROM SUSPENDED PARTICULATES, AND EXPOSURE TO
AN AREA SOURCE CONSISTING OF PARTICLES DEPOSITED ON THE SOIL FOLLOWING SUSPENSION
DURING CONSTRUCTION.

• AIRBORNE TRITIUM - INHALATION AND SKIN ABSORPTION OF AIRBORNE TRITIATED WATER VAPOR.



6.2.4 INTRUDER-AGRICULTURE SCENARIO

THE INTRUDER-AGRICULTURE SCENARIO WAS BASED ON THE ASSUMPTION THAT AN INDIVIDUAL BUILDS A HOME
AND LIVES ON THE SITE BEGINNING TODAY.  IT WAS ALSO ASSUMED THAT THE INTRUDER OBTAINS HIS FOOD
LOCALLY AND SINKS A WELL INTO THE AQUIFER UNDERLYING THE SITE TO OBTAIN DRINKING WATER.  IN THE  
INTRUDER-AGRICULTURE SCENARIO, THE INTRUDER IS ASSUMED TO LIVE IN THE HOUSE, PLANT A GARDEN IN
SOIL EXCAVATED FROM THE WASTE DISPOSAL SITE DURING CONSTRUCTION, USE WATER FROM AN ON-SITE WELL,
AND RAISE CATTLE AND MILK COWS ON THE CONTAMINATED SOIL AT THE SITE.  IN ADDITION, A CHILD IN
THE FAMILY IS ASSUMED TO INGEST CONTAMINATED SOIL, AND PRODUCTS OF RADON DECAY ARE ASSUMED TO
BUILD UP INDOORS DUE TO THE RADIUM CONTAMINATION IN THE WASTE.

6.2.5 CONCLUSIONS OF THE ON-SITE EXPOSURE SCENARIOS

FOR THE INTRUDER-TRESPASSER SCENARIO, THE DIRECT EXTERNAL RADIATION DOSE RATE TO A PERSON
STANDING ON THE TRENCHES DEPENDS ON WHETHER THE SOIL OVERLYING THE TRENCHES IS INTACT AND
UNCONTAMINATED.  IF THE OVERLYING SOIL BECOMES CONTAMINATED AS A RESULT OF THE "BATHTUB" EFFECT
WHICH IS KNOWN TO OCCUR AT THE SITE, THE SHIELDING EFFECTIVENESS OF THE OVERLYING SOIL IS
MARKEDLY REDUCED, RESULTING IN DOSE RATES UP TO APPROXIMATELY 1.4 MREM/HOUR.  IF IT WERE ASSUMED
THAT THE TRESPASSER FREQUENTS THE SITE, ON THE AVERAGE, ONCE PER WEEK, SPENDING ONE HOUR PER
VISIT, THE RESULTANT DOSE FROM THE INTRUDER-TRESPASSER SCENARIO WOULD BE APPROXIMATELY 73
MREMS/YEAR.

IF THE OVERLYING SOIL IS CONTAMINATED AS A RESULT OF THE "BATHTUB" EFFECT, WIND AND MECHANICAL
EROSION PROCESSES COULD CAUSE CONTAMINATED SOIL PARTICLES TO BECOME AIRBORNE.  ONCE AIRBORNE,
THEY COULD CAUSE INTERNAL EXPOSURES DUE TO INHALATION AND ALSO EXTERNAL EXPOSURES FROM 
IMMERSION IN THE AIRBORNE PARTICULATES.

INDIVIDUALS STANDING IN THE VICINITY OF THE TRENCHES WOULD LIKELY BE EXPOSED TO AIRBORNE
TRITIATED WATER VAPOR.  IF THE TRENCH CAP DEGRADES AND/OR THE TRENCH LEACHATE OVERFLOWS,
EVAPORATION PROCESSES WILL RESULT IN AIRBORNE TRITIATED WATER VAPOR.  THE DOSE TO A TRESPASSER
FROM AIRBORNE TRITIATED WATER VAPOR IS PRESENTED IN TABLE 27.

FOR THE INTRUDER-CONSTRUCTION SCENARIO, THE RESULTS REVEALED THAT IF A HOME WERE CONSTRUCTED AT
THE SITE TODAY, THE DOSE TO THE CONSTRUCTION WORKER OVER THE 500 HOURS REQUIRED FOR CONSTRUCTION
IS ESTIMATED TO BE 3.2 REMS AND THE LIFETIME RISK OF FATAL CANCER IS APPROXIMATELY 1.2 X (10-3). 
MOST OF THIS DOSE AND RISK IS DUE TO DIRECT RADIATION, PRIMARILY FROM COBALT-60, CESIUM-137, AND
RADIUM-226.  THE DOSES ASSOCIATED WITH THE INTRUDER-DISCOVERY SCENARIO ARE SUBSTANTIALLY LESS  
THAN THE INTRUDER-CONSTRUCTION SCENARIO DUE TO LESS DURATION OF ON-SITE ACTIVITIES.

IF A 100-YEAR PERIOD OF INSTITUTIONAL CONTROL (5) IS ASSUMED, THE DOSE AND RISK TO A
CONSTRUCTION WORKER AT THE SITE DECREASE BY ABOUT AN ORDER OF MAGNITUDE, TO 320 MREM.  THE
DECREASE IS DUE PRIMARILY TO THE DECAY OF COBALT-60 AND CESIUM-137.  HOWEVER, DIRECT RADIATION
IS STILL THE MAJOR CONTRIBUTOR TO DOSE, THOUGH THE DOMINANT RADIONUCLIDE IS NOW RADIUM-226.

(5) - AS IT IS USED HERE, INSTITUTIONAL CONTROLS INCLUDES ACCESS RESTRICTIONS SUCH AS
FENCES, ON-SITE PERSONNEL, LAND USE AND DEED RESTRICTIONS AND MAINTENANCE ACTIVITIES SUCH
AS FENCE REPAIR AND LIMITED CUSTODIAL MAINTENANCE AND MONITORING ACTIVITIES.

AFTER A 500-YEAR PERIOD OF INSTITUTIONAL CONTROL, THE DOSE AND RISK TO THE CONSTRUCTION WORKER
DECREASE FURTHER, BUT BY LESS THAN A FACTOR OF ABOUT 2, TO 210 MREM.  DIRECT RADIATION IS STILL
THE MAJOR CONTRIBUTOR TO DOSE, AND RADIUM-226 IS STILL THE DOMINANT RADIONUCLIDE.

FOR THE INTRUDER-AGRICULTURE SCENARIO, THE RESULTS REVEALED THAT IF A PERSON WERE TO LIVE IN A
HOME CONSTRUCTED DIRECTLY OVER THE WASTE TRENCHES TODAY, THE DOSE EQUIVALENTS TO AN ADULT FROM



ALL PATHWAYS, NOT INCLUDING RADON, TOTAL 26,000 MREM PER YEAR FOR THE AVERAGE CASE, WITH THE
UPPERBOUND ESTIMATE TOTALLING 1,000,000 MREM PER YEAR.  FORTY-THREE PERCENT OF THE IMPACT WOULD
BE DERIVED FROM DRINKING WATER, 47 PERCENT FROM FOOD PRODUCED ON-SITE, AND 10 PERCENT FROM
EXTERNAL EXPOSURE. TRITIUM, CARBON-14, STRONTIUM-90, AND RADIUM-226 DOMINATE THE INGESTION
DOSES, WITH COBALT-60, CESIUM-137, AND RADIUM-226 DOMINATING THE EXTERNAL EXPOSURE.

FOR EACH YEAR A PERSON LIVES ON-SITE, THE AVERAGE CASE LIFETIME RISK OF FATAL CANCER WOULD BE
APPROXIMATELY 1 X (10-2), OR ONE IN 100.  UNDER THE SAME SCENARIO, THE UPPERBOUND CASE LIFETIME
RISK OF DEVELOPING FATAL CANCER WOULD BE 4 X (10-1), OR FOUR IN 10.  BOTH CASES SIGNIFICANTLY  
EXCEED EPA'S TARGET RISK RANGE.

PROLONGED EXPOSURES (MANY YEARS OF EXPOSURE) RESULT IN A LIFETIME RISK OF CANCER APPROACHING 1. 
THE EXPOSURE TO RADON PROGENY WAS CONSERVATIVELY ESTIMATED TO BE 50 WLM PER YEAR, WHICH
CORRESPONDS TO A LIFETIME RISK OF FATAL LUNG CANCER OF CLOSE TO 1.0.

IF A PERIOD OF 100 YEARS OF SITE INSTITUTIONAL CONTROL WERE ASSUMED BEFORE A PERSON CONSTRUCTS
AND OCCUPIES A HOME ON-SITE, THE DOSE DECREASES AND THE LONGER-LIVED RADIONUCLIDES SUCH AS
RADIUM-226, THORIUM-232, AND PLUTONIUM-238 BECOME THE SIGNIFICANT RADIONUCLIDES. TRITIUM AND
STRONTIUM-90 NO LONGER CONTRIBUTE TO THE DOSE BECAUSE THEY HAVE DECAYED AWAY.  CESIUM-137 WILL
HAVE DECAYED TO LESS THAN 90 PERCENT OF ITS ORIGINAL ACTIVITY.

ASSUMING OCCUPANCY OF THE SITE DOES NOT BEGIN FOR 100 YEARS OR MORE, THE DOSES AND ASSOCIATED
RISKS DECREASE, BUT BY ONLY A SMALL MARGIN SINCE MOST OF THE EXPOSURE IS ASSOCIATED WITH THE
RELATIVELY LONG-LIVED RADIONUCLIDES.  IF A 100-YEAR PERIOD OF INSTITUTIONAL CONTROL IS ASSUMED,
THE DOSE ASSOCIATED WITH AN INTRUDER-AGRICULTURE SCENARIO DECREASES BY A FACTOR OF APPROXIMATELY
3, TO 7.2 REM/YEAR.  OF THIS DOSE, THE DIRECT RADIATION EXPOSURES HAVE DECLINED BY ABOUT A
FACTOR OF 10, TO 780 MREM/YEAR, PRIMARILY DUE TO THE DECAY OF COBALT-60. RADIUM-226 IS NOW THE
DOMINANT SOURCE OF EXTERNAL EXPOSURE.  AT 100 YEARS, THE LIFETIME RISK OF FATAL CANCER (NOT
INCLUDING RADON PROGENY) DUE TO CONTINUAL EXPOSURE DECREASES TO APPROXIMATELY 4 X (10-2).  THE  
EXPOSURES AND RISKS ASSOCIATED WITH ELEVATED LEVELS OF RADON PROGENY INDOORS DECREASE ONLY
SLIGHTLY, AS EXPECTED, GIVEN THE LONG HALF-LIFE OF RADIUM-226.

IF A 500-YEAR PERIOD OF INSTITUTIONAL CONTROL IS ASSUMED, THE DOSE DECREASES TO 5.1 REM/YEAR,
AND THE RISK (NOT INCLUDING RADON PROGENY) IS APPROXIMATELY 3.1 X (10-2).  THE REASON FOR THE
SMALL DECREASE IS THAT THE DOSE FROM DRINKING WATER IS DOMINATED BY VERY LONG-LIVED
RADIONUCLIDES.  IF UNCONTAMINATED SOURCES OF DRINKING WATER ARE USED, THE DOSE IS APPROXIMATELY
600 MREM/YEAR.  THIS DOSE IS PRIMARILY DUE TO DIRECT RADIATION, WHICH IS DOMINATED BY
RADIUM-226.  THE FOOD INGESTION PATHWAYS CONTRIBUTE LESS THAN 100 MREM/YEAR.

EVEN AFTER 500 YEARS, ON-SITE OCCUPANCY WOULD RESULT IN RISKS EXCEEDING THE ACCEPTABLE RISK
RANGE.  SEE FIGURES 13 AND 14 FOR AN ILLUSTRATION OF THE DECAY OF RADIONUCLIDE INDICATORS WITH
TIME.  IT CAN BE SEEN THAT BEYOND 100 YEARS THE RISKS ASSOCIATED WITH THE MFDS REMAIN
UNACCEPTABLY HIGH AND TEND TO BECOME CONSTANT RATHER THAN DECREASING SIGNIFICANTLY; THUS, THE
NEED FOR INSTITUTIONAL CONTROLS, MAINTENANCE AND MONITORING TO BE IMPLEMENTED AND FUNDED IN
PERPETUITY IS APPARENT.

AS THE FOREGOING DISCUSSION DEMONSTRATES, THE THREATENED RELEASE OF HAZARDOUS SUBSTANCES FROM
THE MFDS, IF NOT ADDRESSED BY THE PREFERRED ALTERNATIVE OR ONE OF THE OTHER ACTIVE MEASURES
CONSIDERED, MAY PRESENT AN IMMINENT AND SUBSTANTIAL ENDANGERMENT TO PUBLIC HEALTH, WELFARE, OR  
THE ENVIRONMENT.

6.3 RISK ASSESSMENT UNCERTAINTIES

AS WITH MOST BASELINE RISK ASSESSMENTS, A NUMBER OF UNCERTAINTIES ARE ASSOCIATED WITH THE MFDS



RISK ASSESSMENT.  THE FOLLOWING DISCUSSION DESCRIBES SOME OF THOSE UNCERTAINTIES WHICH MAY HAVE
LED TO AN UNDERESTIMATION OF THE ESTIMATED EXPOSURES ASSOCIATED WITH SOME OF THE PATHWAYS
EVALUATED:

IN THE APRIL 1991 FINAL RISK ASSESSMENT, IN-TRANSIT DECAY IS ASSUMED FOR THE TRANSPORT OF THE
RADIONUCLIDES FROM THE TRENCHES TO THE RECEPTOR LOCATION.  THE IN-TRANSIT TIME FOR WATER IS
ASSUMED TO BE SEVERAL YEARS, AND THE TRANSIT TIME FOR MANY RADIONUCLIDES IS MUCH LONGER DUE TO
THE RADIONUCLIDE BINDING COEFFICIENTS.  FOR SOME RADIONUCLIDES, THIS IN-TRANSIT DECAY ASSUMPTION
RESULTS IN SUBSTANTIAL DECAY.  IF THE MFDS WERE TO EXPERIENCE "BATHTUBBING" (TRENCH OVERFLOW)
CONDITIONS UNDER A NO ACTION SCENARIO, THE RADIONUCLIDE TRANSIT TIME WOULD BE SUBSTANTIALLY  
REDUCED AND, CONSEQUENTLY, THE CONCENTRATIONS OF RADIONUCLIDES REACHING THE POTENTIAL RECEPTORS
WOULD BE MUCH GREATER.

ADDITIONALLY, THE MAGNITUDE OF RETARDATION FOR SOME OF THE RADIONUCLIDES, SUCH AS PLUTONIUM AND
CARBON-14, MAY HAVE BEEN OVERESTIMATED IN THE RISK ASSESSMENT.  RETARDATION OF PLUTONIUM IS  
COMPLEX AND POORLY UNDERSTOOD.  PLUTONIUM IS KNOWN TO BE FAIRLY MOBILE UNDER SOME CONDITIONS OF
VALENCE, COMPLEXATION, AND COLLOIDAL SUSPENSION.  PLUTONIUM HAS ALSO BEEN SHOWN TO BE IN A
MICRO-PARTICULATE FORM IN THE MFDS TRENCH LEACHATES RATHER THAN IN A TYPICAL IONIC SOLUTION
STATE; THIS MAY MAKE IT MORE MOBILE.  PLUTONIUM HAS ALSO BEEN DETECTED IN GROUND WATER MIGRATING
AWAY FROM THE TRENCHES IN THE LMB, INDICATING THAT PLUTONIUM IS MORE MOBILE THAN WOULD BE
INDICATED BY THE HIGH KD VALUES ASSUMED IN THE RISK ASSESSMENT.  THUS, THE RISK ASSESSMENT MAY
HAVE UNDERESTIMATED THE DOSES ASSOCIATED WITH SOME OF THE OFF-SITE PATHWAYS, IN PARTICULAR, THE
EROSION PATHWAY.  IT IS FOR THESE REASONS THAT EPA FEELS THAT THE UPPERBOUND DOSE ESTIMATES FOR
THE EROSION PATHWAY ARE APPROPRIATE.

THE RISK ASSESSMENT ASSUMES MIGRATION OF LEACHATE TO THE HILLSLOPE DRAINAGE CHANNELS WITH
SUBSEQUENT MIGRATION OF LEACHATE TO THE ALLUVIUM, QUICKLY, VIA SURFACE WATER RUNOFF.  HOWEVER,
IT IS LIKELY THAT LEACHATE WILL ALSO MIGRATE DOWN THE ENTIRE HILLSLOPE THROUGH THE SHALLOW  
SOIL-COLLUVIUM LAYER AND ENTER DIRECTLY INTO THE ALLUVIAL AQUIFER WITHOUT MAJOR DILUTION FROM
UNCONTAMINATED SURFACE WATER.  THE RISK ASSESSMENT ALSO ASSUMES THAT A SIGNIFICANT PORTION OF
ALLUVIAL GROUND WATER IS RECHARGED AND DILUTED BY STREAM WATER.  A MORE APPROPRIATE ASSUMPTION
IS THAT NO RECHARGE FILTRATION FROM UPSTREAM WATER OCCURS TO THE BAND OF CONTAMINATED GROUND
WATER PASSING THROUGH THE ALLUVIUM TO THE CREEK.  THIS IS MORE APPROPRIATE BECAUSE, IN THE MFDS  
HYDROGEOLOGICAL ENVIRONMENT, ALLUVIAL GROUND WATER FLOWS FROM THE ALLUVIUM INTO THE CREEK
(RATHER THAN THE REVERSE, AS WAS ASSUMED IN THE RISK ASSESSMENT).  THESE FACTORS, AS WELL AS THE
POINTS MADE PREVIOUSLY WITH REGARD TO THE IN-TRANSIT DECAY AND RETARDATION FACTORS, MAY HAVE  
RESULTED IN AN UNDERESTIMATION OF THE POTENTIAL DOSES ASSOCIATED WITH THE OFF-SITE WELL WATER
PATHWAY.

THE FOLLOWING UNCERTAINTIES MAY HAVE LED TO AN OVERESTIMATION OF THE EXPOSURES ASSOCIATED WITH
SOME OF THE PATHWAYS EVALUATED:

THE AVERAGE CASE VALUES FOR THE INTRUDER-AGRICULTURE WELL ANALYSIS ARE ALL GREATER THAN THE
MAXIMUM CONCENTRATIONS DETECTED IN THE REMEDIAL INVESTIGATION (RI) WELL SAMPLING, WITH THE
EXCEPTION OF TRITIUM.  THE TRITIUM DATA FROM THE RI MAY HAVE BEEN SKEWED BY A WELL NEAR A TRENCH 
WITH VERY HIGH TRITIUM CONCENTRATIONS.  ADDITIONALLY, TRENCH LEACHATE DATA IS ALSO SKEWED TOWARD
HIGH CONCENTRATIONS OF CERTAIN RADIONUCLIDES, SINCE SPECIFIC TRENCHES WERE TARGETED DURING THE
RI BECAUSE OF THE ELEVATED RADIONUCLIDE CONCENTRATIONS.  SINCE THE GENERATION OF LEACHATE IS A
MAJOR COMPONENT OF MOST OF THE PATHWAYS MODELED IN THE RISK ASSESSMENT, THE MODEL RESULTS MAY BE
CONSERVATIVE COMPARED TO PREVIOUS FIELD MEASUREMENTS.

THE IMPACTS FOR INDIVIDUAL PATHWAYS FOR THE 500-YEAR TIMEFRAME ARE THE SUMS OF ALL RADIONUCLIDES
THAT IMPACT THE RECEPTOR AT ANY TIME DURING THAT 500 YEAR SPAN.  IN OTHER WORDS, IMPACTS SEEN
FROM TRITIUM IN THE EARLY PART OF THE TIME FRAME ARE ADDED TO THOSE FROM RADIUM-226, WHICH ARE



SEEN AT THE END OF THE TIME FRAME.  THIS APPROACH TENDS TO OVERESTIMATE THE TOTAL DOSE, WHICH IS
USED TO ESTIMATE EXCEEDANCE RATIOS.

THE I-129 SOURCE TERM HAS PROBABLY BEEN SIGNIFICANTLY OVERESTIMATED IN THE RISK ASSESSMENT.  THE
SOURCE OF THREE CURIES FOR THE MFDS IS BASED ON THE ASSUMPTION THAT I-129 WAS AT ITS DETECTION
LIMIT IN THE WASTE. PRELIMINARY RESULTS OF A RECENT STUDY INDICATE THAT THE I-129 SOURCE COULD
BE AS MUCH AS 1000 TIMES LOWER THAN ITS DETECTION LIMIT IN LOW-LEVEL RADIOACTIVE WASTE.  THE
INDUSTRY IS STILL UNCERTAIN ABOUT THE I-129 SOURCE TERM IN LOW-LEVEL WASTE.  HOWEVER, SINCE
I-129 DOES NOT CONTRIBUTE SIGNIFICANTLY TO THE IMPACTS ESTIMATED AT THE MFDS BASED ON THE THREE
CURIE VALUE, THERE IS NO REAL EFFECT OF ADOPTING THE OVERESTIMATE.

ANOTHER UNCERTAINTY DEALS WITH THE B4 VALUE FOR CARBON-14.  A RECENT STUDY HAS SHOWN THAT THE B4
FOR CARBON-14 REPORTED IN REGULATORY GUIDE 1.109 IS AS MUCH AS 50 TIMES TOO HIGH.  HOWEVER, THE
TRADITIONAL VALUE WAS EMPLOYED IN THE MFDS RISK ASSESSMENT.  IT WAS THOUGHT THAT THE  
TRADITIONAL VALUE WOULD BE USED UNTIL THE RECENT WORK BECOMES MORE WIDESPREAD.  AS A
CONSEQUENCE, THE DOSE FOR CARBON-14 FROM THE INGESTION OF PLANTS AND DEER MEAT MAY BE
OVERESTIMATED.

#DEOA
7.0 DESCRIPTION OF ALTERNATIVES

7.1 REMEDIAL ACTION OBJECTIVES

AS PREVIOUSLY DISCUSSED, THE PRIMARY MECHANISM FOR RELEASE OF CONTAMINANTS TO THE ENVIRONMENT
FROM THE MFDS IS THE MIGRATION OF LEACHATE FROM THE DISPOSAL TRENCHES, THROUGH THE UNDERLYING,
FRACTURED BEDROCK, TO THE HILLSLOPES SURROUNDING THE SITE.  THE MAJOR CAUSE OF LEACHATE
GENERATION IS THE INFILTRATION OF PRECIPITATION THROUGH THE SUBSIDED TRENCH COVER. 
HISTORICALLY, TRENCH LEACHATE PUMPING OPERATIONS AT THE MFDS HAVE BEEN NECESSARY TO ADDRESS
TRENCH OVERFLOW CONDITIONS; THUS, TRENCH OVERFLOW IS A PATHWAY OF CONCERN AS WELL.

TRENCH SUBSIDENCE IS THE LOWERING OF THE TRENCH CAPS DUE TO TRENCH WASTE CONSOLIDATION OVER
TIME.  AREAS AFFECTED BY SUBSIDENCE CAN RANGE IN SIZE FROM A FEW SQUARE FEET OF A CAP TO THE
ENTIRE AREA OF A TRENCH OR GROUP OF TRENCHES.  SUBSIDENCE CAN CAUSE CAP FAILURES BY CRACKING OR
DEFORMING OF THE CAP MATERIALS.  DEPRESSED AREAS COMMONLY RESULT IN PONDING OF RAIN WATER, WHICH
WOULD HAVE RUN OFF NATURALLY IF SUBSIDENCE HAD NOT OCCURRED.  BOTH SUBSIDENCE AND PONDING CAN
LEAD TO INCREASED RATES OF WATER INFILTRATION INTO THE WASTE.  SUBSIDENCE IS EVIDENT IN MOST
WASTE DISPOSAL TRENCHES.  AFTER A FEW YEARS, THEREFORE, SOIL MUST BE ADDED TO THE TRENCH
SURFACES AND THE CAPS MUST BE REGRADED TO MAINTAIN SURFACE WATER RUNOFF.

THE OBJECTIVES OF REMEDIAL ACTION AT THE MFDS ARE TO:

• MINIMIZE THE INFILTRATION OF RAINWATER AND GROUND WATER INTO THE TRENCH AREAS AND
MIGRATION FROM THE TRENCHES;

• STABILIZE THE SITE SUCH THAT AN ENGINEERED CAP THAT WILL REQUIRE MINIMAL CARE AND
MAINTENANCE OVER THE LONG TERM CAN BE PLACED OVER THE TRENCH DISPOSAL AREA;

• MINIMIZE THE MOBILITY OF TRENCH CONTAMINANTS BY EXTRACTING TRENCH LEACHATE TO THE
EXTENT PRACTICABLE;

• PROMOTE SITE DRAINAGE AND MINIMIZE POTENTIAL FOR EROSION TO PROTECT AGAINST NATURAL
DEGRADATION;



• IMPLEMENT INSTITUTIONAL CONTROLS TO PERMANENTLY PREVENT UNRESTRICTED USE OF THE
SITE;

• IMPLEMENT A SITE PERFORMANCE AND ENVIRONMENTAL MONITORING PROGRAM;

AS WITH ANY REMEDIAL ACTION UNDER SUPERFUND, THESE OBJECTIVES MUST BE MET IN WAYS THAT ARE
PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT AND ACHIEVE APPLICABLE OR RELEVANT AND
APPROPRIATE FEDERAL AND STATE REQUIREMENTS.

7.2 ALTERNATIVES

EIGHTEEN POTENTIAL REMEDIAL ALTERNATIVES TO ACHIEVE THE REMEDIAL ACTION OBJECTIVES FOR THE MFDS
WERE DEVELOPED AND EVALUATED DURING THE FS. THESE 18 ALTERNATIVES WERE THEN SCREENED ON THE
BASIS OF THEIR EFFECTIVENESS, IMPLEMENTABILITY AND COST.  THIS SCREENING PRODUCED A MANAGEABLE
GROUP OF SEVEN ALTERNATIVES.  EACH OF THE SEVEN ALTERNATIVES WAS THEN SUBJECTED TO A DETAILED
ANALYSIS WHICH APPLIED THE NINE EVALUATION CRITERIA ESTABLISHED BY THE SUPERFUND AMENDMENTS AND  
REAUTHORIZATION ACT (SARA).

THE NO ACTION ALTERNATIVE, WHICH IS REQUIRED TO BE EVALUATED AT ALL SUPERFUND SITES, SERVES AS A
BASELINE FOR COMPARISON AGAINST THE OTHER ALTERNATIVES AND MUST BE CARRIED THROUGH THE DETAILED
ANALYSIS OF ALTERNATIVES.  THE NO ACTION ALTERNATIVE IS NOT AN ACTION-BASED ALTERNATIVE BUT
RATHER CONSISTS SOLELY OF MONITORING AND ACTIVITIES IN SUPPORT OF MONITORING.

WITH THE EXCEPTION OF THE NO ACTION ALTERNATIVE, EACH OF THE ALTERNATIVES EVALUATED INCORPORATES
TECHNOLOGIES FOR TRENCH STABILIZATION AS WELL AS HORIZONTAL AND VERTICAL FLOW BARRIERS.  THESE  
TECHNOLOGIES ARE DISCUSSED IN THE FOLLOWING SECTIONS.

7.2.1 STABILIZATION TECHNOLOGIES

STABILIZATION AT THE MFDS REFERS TO THE CONSOLIDATION AND DENSIFICATION OF TRENCH SOILS AND/OR
WASTE MATERIALS.  THE PURPOSE OF STABILIZATION AT THE MFDS IS TO ACHIEVE TRENCH STABILITY SUCH
THAT A VERTICAL INFILTRATION BARRIER (CAP) CAN BE PLACED OVER THE TRENCH DISPOSAL AREA WHICH
REQUIRES MINIMUM REPAIR AND MAINTENANCE OVER THE LONG TERM.

THE DYNAMIC COMPACTION TECHNOLOGY IS A STABILIZATION METHOD COMMON TO ALTERNATIVES 4, 10, AND
17.  THE DYNAMIC COMPACTION TECHNOLOGY INVOLVES THE REPEATED DROPPING OF A LARGE WEIGHT ON EACH
TRENCH COVER (EXCEPT FOR THOSE TRENCHES WHERE IT IS NOT APPROPRIATE) UNTIL THE WASTE AND TRENCH  
COVER ARE SUFFICIENTLY CONSOLIDATED.  THE WEIGHT, OR TAMPER, IS DROPPED USING A CRANE SPECIALLY
DESIGNED FOR THAT PURPOSE.  AS THE TRENCH CONTENTS DENSIFY, BACKFILL SOIL IS ADDED TO THE
RESULTING DEPRESSIONS. THE BACKFILL SOIL IS THEN COMPACTED SO THAT A STABLE CAP CAN BE  
CONSTRUCTED OVER THE COMPACTED TRENCHES.

THE NATURAL SUBSIDENCE TECHNOLOGY IS COMMON TO ALTERNATIVES 5 AND 8. NATURAL SUBSIDENCE IS THE
NATURAL DENSIFICATION AND CONSOLIDATION OF SOILS AND WASTE MATERIALS IN THE TRENCHES OVER TIME. 
AS THE WASTE MASS DENSIFIES BY NATURAL PROCESSES, CAUSING SUBSIDENCE, THE OVERALL RATE OF  
SUBSIDENCE WOULD DECREASE AND THE WASTE MASS WOULD BECOME MORE STABLE. AS NATURAL SUBSIDENCE
CONTINUES, DEPRESSIONS WOULD FORM IN THE OVERLYING CAP AND THESE DEPRESSED AREAS WOULD REQUIRE
BACKFILLING WITH SOIL TO PREVENT THE PONDING OF RAINWATER AND SUBSEQUENT INFILTRATION OF  
RAINWATER INTO THE TRENCHES.  BECAUSE OF THE MANY PHYSICAL AND CHEMICAL VARIABLES INVOLVED AND
THE LIMITED QUANTITATIVE INFORMATION AVAILABLE, IT IS NOT POSSIBLE TO PREDICT ACCURATELY HOW
LONG IT WOULD TAKE FOR WASTE TRENCHES TO NATURALLY SUBSIDE AT THE MFDS.

ALTERNATIVE 11 EMPLOYS THE GROUTING TECHNOLOGY AS A MEANS OF TRENCH STABILIZATION.  THE GROUTING
TECHNOLOGY WOULD CONSIST OF INJECTING GROUT, A MIXTURE OF MATERIALS (E.G., CEMENT, BENTONITE,



FLY ASH, ETC.) AND WATER, THROUGH SPECIALLY INSERTED PROBES INTO THE MAJORITY OF TRENCHES TO
FILL VOIDS AND OTHER OPENINGS IN THE WASTE.  GROUTING WOULD STABILIZE THE TRENCHES BY REDUCING
THE SUBSIDENCE THAT MIGHT OTHERWISE OCCUR AS THE TRENCH CONTENTS SETTLE INTO THE VOIDS. 
STABILIZATION COULD BE ONLY PARTIALLY ACHIEVED BY THIS TECHNOLOGY BECAUSE, ALTHOUGH IT MIGHT  
RETARD DETERIORATION SIGNIFICANTLY, GROUTING WOULD NOT LIKELY PREVENT THE CONTINUING
DETERIORATION AND COLLAPSE OF THE WASTE.

7.2.2 FLOW BARRIERS

EACH ACTION-BASED ALTERNATIVE THAT IS DESCRIBED IN THE FOLLOWING SECTIONS UTILIZES BARRIERS TO
PREVENT (1) VERTICAL INFILTRATION OF PRECIPITATION TO THE TRENCH WASTE, AND (2) HORIZONTAL
INFILTRATION OF GROUND WATER THROUGH SUBSURFACE STRATA TO THE TRENCH WASTE.

7.2.2.1 VERTICAL INFILTRATION BARRIERS

THE FOLLOWING FOUR TYPES OF VERTICAL INFILTRATION BARRIERS ARE INCLUDED AMONG THE ACTION-BASED
ALTERNATIVES EVALUATED: STRUCTURAL CAP, INITIAL CAP, ENGINEERED SOIL CAP WITH SYNTHETIC LINER,
AND ENGINEERED SOIL CAP (WITH ALL NATURAL MATERIALS).

ALTERNATIVE 4 EMPLOYS A STRUCTURAL CAP FOR MINIMIZING VERTICAL INFILTRATION.  THE STRUCTURAL CAP
WOULD CONSIST OF A TWO-FOOT-THICK REINFORCED CONCRETE SLAB OVER THE TRENCHES WITH A
TWO-FOOT-THICK CLAY LAYER ELSEWHERE.  THE CONCRETE/CLAY LAYER WOULD BE TOPPED BY A DRAINAGE  
LAYER AND A TOPSOIL LAYER TO SUPPORT A VEGETATIVE COVER.  THE TOPSOIL AND DRAINAGE LAYERS WOULD
PROTECT THE CONCRETE/CLAY LAYER AGAINST WEATHERING.  THEY WOULD ALSO CONTROL EXCESSIVE RUNOFF
RATES WHICH WOULD MINIMIZE DAMAGING EROSIVE FORCES.  PRIOR TO PLACEMENT OF AN INITIAL LAYER OF
COMPACTED SOIL OVER THE EXISTING TRENCH COVER, THE TRENCHES WOULD BE DYNAMICALLY COMPACTED TO
PROVIDE A STABLE SUPPORT FOR THE STRUCTURAL CAP.  A STRUCTURAL CAP WOULD THEN BE PLACED OVER
BOTH THE COMPACTED TRENCHES AND THE INITIAL LAYER OF COMPACTED SOIL.

ALTERNATIVE 5 EMPLOYS AN INITIAL CAP TO SERVE AS A BARRIER TO VERTICAL WATER INFILTRATION WHILE
THE NATURAL STABILIZATION PROCESS TAKES PLACE, AFTER WHICH A FINAL, MULTI-MEDIA CAP WOULD BE
INSTALLED.  THE INITIAL CAP WOULD CONSIST OF A COMPACTED SOIL LAYER COVERED WITH AN APPROXIMATE  
30-40 MIL THICK SYNTHETIC COVER (6).  THE CLAY AND SYNTHETIC MATERIAL COVER WOULD COVER AN
APPROXIMATE 40 TO 50 ACRE AREA.  THE INTENT OF THIS APPROXIMATE TWO-FOOT THICK CAP IS TO ALLOW
SUBSIDENCE TO OCCUR NATURALLY, WHILE ADDING BACKFILL MATERIAL AS NECESSARY TO MAINTAIN PROPER
GRADING FOR DRAINAGE AND REPAIRING THE SYNTHETIC COVER AS REQUIRED.  THE FINAL CAP WOULD BE THE
ENGINEERED SOIL CAP WITH SYNTHETIC LINER DESCRIBED BELOW.

(6) - THE COMMONWEALTH HAS PROPOSED USE OF AN INITIAL CAP CONSISTING OF: COMPACTED SOIL
COVER OVER THE TRENCH DISPOSAL AREA, TOPPED WITH A 25-YEAR LIFE, 60 TO 80 MIL THICK,
SYNTHETIC LINER WITH A DRAINAGE LAYER/FILTER FABRIC ON TOP, FOLLOWED BY A LAYER OF TOPSOIL
TO SUPPORT A   VEGETATIVE COVER.  AS DISCUSSED IN SECTION 10.1, THE SELECTED REMEDY
INCLUDES AN INITIAL CAP THAT DOES NOT EMPLOY A DRAINAGE/VEGETATIVE COVER.  HOWEVER, AN
ALTERNATE DESIGN, SUCH AS THE ONE PROPOSED BY THE COMMONWEALTH, MAY BE USED IF THE
SELECTED REMEDY'S INITIAL CAP CAN NOT EFFECTIVELY CONTROL ANTICIPATED RATES OF SURFACE
WATER RUNOFF AND CONSEQUENT EROSION.

ALTERNATIVES 8, 10, AND 11 EMPLOY AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER AS A BARRIER TO
VERTICAL WATER INFILTRATION.  ALTERNATIVE 5 ALSO EMPLOYS AN ENGINEERED SOIL CAP WITH SYNTHETIC
LINER, TO BE INSTALLED UPON COMPLETION OF THE NATURAL STABILIZATION PROCESS.  THIS TYPE OF  
VERTICAL INFILTRATION BARRIER CONSISTS (FROM BOTTOM TO TOP) OF AN INITIAL LAYER OF COMPACTED
SOIL PLACED OVER THE EXISTING TRENCH COVER, A TWO-FOOT-THICK CLAY LAYER, AN 80 MIL (OR
SUFFICIENTLY SIMILAR) SYNTHETIC LINER, A GEOTEXTILE FABRIC LAYER, A ONE-FOOT-THICK DRAINAGE
LAYER, A GEOTEXTILE FABRIC LAYER, AND A TWO-FOOT-THICK SOIL LAYER SUPPORTING A VEGETATIVE COVER. 



THE COMPOSITION OF THIS CAP WOULD BE DESIGNED TO PROVIDE THE MOST SUITABLE SOIL PROPERTIES AND
CONDITIONS TO SUPPORT AND MAINTAIN A HEALTHY VEGETATIVE COVER (E.G., PROVIDE ADEQUATE MOISTURE  
DURING PROLONGED RAINLESS PERIODS).  TABLE 34 PROVIDES A DESCRIPTION OF THE CONTRIBUTION OF EACH
LAYER CONTAINED IN THIS TYPE OF VERTICAL INFILTRATION BARRIER.

ALTERNATIVE 17 EMPLOYS AN ENGINEERED SOIL CAP CONSISTING OF ALL NATURAL MATERIALS AS A BARRIER
TO VERTICAL WATER INFILTRATION.  THIS TYPE OF BARRIER CONSISTS OF SEVERAL LAYERS OF NATURAL
MATERIALS DESIGNED AND ARRANGED TO PROMOTE DRAINAGE, MINIMIZE INFILTRATION, AND PROVIDE 
PROTECTION FROM EROSION.  THE LAYERS (IN ORDER OF PLACEMENT FROM BOTTOM TO TOP) ARE: A
FOUR-FOOT-THICK INFILTRATION BARRIER CONSISTING ENTIRELY OF CLAY OR A COMBINATION OF CLAY AND
SOIL-BENTONITE (OR EQUIVALENT) LAYERS WITH A PERMEABILITY OF 1 X (10-7) CENTIMETER/SECOND OR
LESS TO PROVIDE A BARRIER AGAINST INFILTRATION OF PRECIPITATION; A FOUR-FOOT-THICK DRAINAGE
LAYER CONSISTING OF A MIXTURE OF SAND, CRUSHED ROCK AND GRAVEL OF HIGH PERMEABILITY TO DRAIN
WATER OFF THE CAP INTO DRAINAGE DITCHES AND AWAY FROM THE DISPOSAL TRENCHES; AND, A 
THREE-FOOT-THICK SOIL LAYER WITH AN EIGHT-INCH TOPSOIL LAYER WHICH WOULD SUPPORT A VEGETATIVE
COVER AND ALLOW INFILTRATION OF WATER (TO BE CARRIED OFF THROUGH THE UNDERLYING DRAINAGE LAYER),
THUS MINIMIZING SURFACE RUNOFF AND CONSEQUENTIAL EROSION PROBLEMS.

7.2.2.2 HORIZONTAL FLOW BARRIERS

TWO TYPES OF POTENTIAL HORIZONTAL FLOW BARRIERS ARE INCLUDED AMONG THE ACTION-BASED ALTERNATIVES
EVALUATED: (1) A LATERAL DRAIN AND CUTOFF WALL COMBINATION THAT ENCIRCLES THE ENTIRE TRENCH AREA
AND (2) A CUTOFF WALL THAT EXTENDS FROM THE EAST SLOPE TO THE WEST SLOPE OF THE SITE, BENEATH  
THE CAP AND ALONG ITS NORTH PERIMETER (NORTH CUTOFF WALL).  ALTERNATIVES 4 AND 17 EMPLOY THE
LATERAL DRAIN/CUTOFF WALL COMBINATION; ALTERNATIVES 5, 8, 10, AND 11 EMPLOY THE NORTH CUTOFF
WALL FLOW BARRIER.
THE LATERAL DRAIN/CUTOFF WALL WOULD BLOCK EXFILTRATION OF ANY REMAINING LEACHATE IN THE UNLIKELY
EVENT THAT, WITHOUT A HYDROSTATIC HEAD, THE LEACHATE COULD FLOW THROUGH TIGHT FISSURES IN THE
ROCK FORMATIONS BENEATH THE TRENCHES.  SPECIFICALLY, THE BARRIER WOULD INTERCEPT LEACHATE FLOW
ORIGINATING FROM SHALLOW TRENCHES AND BLOCK OR CONTAIN ANY LEACHATE ORIGINATING FROM DEEPER
TRENCHES.  THE LATERAL DRAIN COMPONENT OF THIS HORIZONTAL FLOW BARRIER WOULD INVOLVE EXCAVATION
OF A TRENCH AROUND THE PERIMETER OF THE DESIRED TRENCH GROUP AND INSTALLATION OF A PERFORATED
PIPE AT THE BOTTOM OF THE TRENCH TO COLLECT ANY LIQUIDS FLOWING INTO THE DRAIN.  CRUSHED ROCK OR
GRAVEL WOULD SURROUND THE PERFORATED PIPE TO ALLOW FLOW INTO THE PIPE WITHOUT CLOGGING FROM SOIL 
PARTICLES.  SUMPS WOULD BE PLACED AT SPECIFIED INTERVALS TO COLLECT LEACHATE IN THE PIPE; THE
LEACHATE WOULD THEN BE SOLIDIFIED AND DISPOSED ON-SITE.  THE LATERAL DRAIN WOULD BE LIMITED TO
THE MORE SHALLOW TRENCHES IN THE WESTERN AND CENTRAL TRENCH SERIES DUE TO PRACTICAL EQUIPMENT
LIMITATIONS.

THE CUTOFF WALL COMPONENT OF THE LATERAL DRAIN/CUTOFF WALL BARRIER WOULD CONSIST OF TWO
SECTIONS: AN UPPER SECTION CUT INTO THE SURFACE SOIL STRATA AND A LOWER, MUCH DEEPER SECTION
EXTENDING INTO THE ROCK STRATA DOWN TO THE DESIRED DEPTH.  THE UPPER SECTION OF THE CUTOFF WALL
WOULD CONSIST OF EITHER A COMPACTED CLAY KEY TRENCH OR A SLURRY WALL WITH A PERMEABILITY OF 1 X
(10-7) CENTIMETER/SECOND OR LESS.  THE UPPER SECTION WOULD BLOCK GROUND WATER FLOW AT THE
INTERFACE OF THE SOIL COVER AND THE LOWER MARKER BED.  THE LOWER SECTION OF THE CUTOFF WALL
WOULD CONSIST OF A GROUT CURTAIN UTILIZING A CEMENTITIOUS GROUT OR A CEMENT/BENTONITE GROUT. 
THE LOWER PORTION, OR GROUT CURTAIN, WOULD FORM A BARRIER AGAINST GROUND WATER FLOW INTO THE
TRENCHES AND/OR OUTFLOW OF LEACHATE FROM THE TRENCHES.  THE CUTOFF WALL DESIGN WOULD INCLUDE A
SERIES OF COLLECTION WELLS NEAR THE INSIDE OF THE WALL TO FACILITATE THE REMOVAL OF WATER
MOUNDING AGAINST THE BARRIER.  WATER COLLECTED FROM THESE WELLS WOULD BE SOLIDIFIED FOR DISPOSAL
IN NEW TRENCHES.

THE SECOND HORIZONTAL FLOW BARRIER EVALUATED CONSISTS OF A CUTOFF WALL WITHOUT THE LATERAL DRAIN
COMPONENT (7).  THE CUTOFF WALL IN THIS BARRIER IS SOMEWHAT DIFFERENT THAN THE PREVIOUSLY



DESCRIBED CUTOFF WALL. THIS CUTOFF WALL, SOMETIMES REFERRED TO AS A NORTH CUTOFF WALL, WOULD BE  
A SLURRY TRENCH (IDENTICAL TO THE UPPER SECTION OF THE CUTOFF WALL DESCRIBED ABOVE, EXCEPT THAT
A GRAVEL DRAIN WOULD BE INSTALLED NEAR THE BOTTOM ALONG ITS EXTERIOR SIDE) WITHOUT THE GROUT
CURTAIN (LOWER SECTION OF THE CUTOFF WALL DESCRIBED ABOVE).  THE GRAVEL DRAIN ALONG THE EXTERIOR
SIDE OF THE WALL (EXTERIOR TO THE TRENCH DISPOSAL AREA) WOULD SHUNT GROUND WATER TOWARD THE
HILLSLOPES AND PREVENT ITS SEE PAGE UNDER THE WALL.  BY PREVENTING WATER FROM ENTERING THE
TRENCHES, NO NEW LEACHATE WOULD BE GENERATED IN THE TRENCHES.  THE WALL WOULD BE DESIGNED FOR A
PERMEABILITY OF 1 X (10-7) CENTIMETER/SECOND OR LESS.

(7) - THE COMMONWEALTH HAS PROPOSED THE INSTALLATION OF A HORIZONTAL FLOW BARRIER THAT
WOULD EXTEND DOWN TO THE HENLEY BED IF SITE MONITORING DATA INDICATES THAT LATERAL
RECHARGE OF THE TRENCHES IS OCCURRING.  THE SELECTED REMEDY DOES NOT SPECIFY THE TYPE,
EXACT LOCATION OR EXTENT OF THE HORIZONTAL FLOW BARRIER, IF ONE IS NEEDED.  THE
COMMONWEALTH'S PROPOSAL WILL BE CONSIDERED DURING EVALUATION OF THE NECESSITY OF A
HORIZONTAL FLOW BARRIER.

7.2.3 BASELINE FEATURES

EACH ALTERNATIVE ALSO INCLUDES BASELINE FEATURES - FEATURES THAT ARE COMMON TO ALL ALTERNATIVES,
WITH THE EXCEPTION OF THE NO ACTION ALTERNATIVE.  THE BASELINE FEATURES ARE AS FOLLOWS:

• NON-FUNCTIONAL AND UNSTABLE SITE STRUCTURES WOULD BE DECOMMISSIONED, DEMOLISHED AND
BURIED ON-SITE.

• ADDITIONAL TRENCHES WOULD BE CONSTRUCTED FOR DISPOSAL OF SOLIDIFIED TRENCH LEACHATE
AND/OR WASTE GENERATED DURING SITE REMEDIATION.

• A BUFFER ZONE, CONTIGUOUS TO THE EXISTING SITE LICENSED PROPERTY BOUNDARY, WOULD BE
ACQUIRED.  THE BUFFER ZONE WOULD ENCOMPASS AN APPROXIMATE 200-ACRE AREA, AT A        
MINIMUM, AND WOULD: (1) ENSURE LONG-TERM ACCESS FOR THE PURPOSE OF MONITORING TO
ASSESS REMEDY COMPLIANCE; AND, (2) CONTROL ACTIVITIES ON THE HILLSLOPES ADJACENT TO
THE MFDS TO MINIMIZE HILLSLOPE EROSION.

• INSTITUTIONAL CONTROLS WOULD BE ESTABLISHED AND MAINTAINED IN PERPETUITY TO PREVENT
UNAUTHORIZED AND/OR INAPPROPRIATE USE OF THE SITE.

• MONITORING AND MAINTENANCE ACTIVITIES WOULD BE CONDUCTED ROUTINELY, AND IN
PERPETUITY, TO ASSESS REMEDY PERFORMANCE AND TO PRESERVE THE INTEGRITY OF THE
REMEDY, RESPECTIVELY.

• A REMEDY REVIEW WOULD BE PERFORMED BY EPA AT LEAST EVERY FIVE YEARS TO ENSURE THE
REMEDY CONTINUES TO MEET THE REMEDIAL ACTION OBJECTIVES, INCLUDING COMPLIANCE WITH   
STATE AND FEDERAL ARARS AND PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.

THE REMEDIAL ALTERNATIVES RECEIVING DETAILED ANALYSIS IN THE FEASIBILITY STUDY ARE SUMMARIZED IN
THE FOLLOWING SECTIONS; ESTIMATED COSTS AND DESIGN/CONSTRUCTION TIMES ARE SUMMARIZED IN TABLE
29, FOLLOWING THE DESCRIPTION OF ALTERNATIVES.

7.2.4 ALTERNATIVE 1 - NO ACTION

   ESTIMATED CONSTRUCTION COST:           $ 636,000
   ESTIMATED O & M COST:                  $ 6,167,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 6,803,000



   ESTIMATED IMPLEMENTATION TIME:         6 MONTHS

ALTERNATIVE 1 CONSISTS OF THE FOLLOWING ACTIVITIES:

• SITE MONITORING
• INSTALLATION OF ADDITIONAL MONITORING WELLS
• REPAIR, MAINTENANCE AND REPLACEMENT OF MONITORING EQUIPMENT

MONITORING ACTIVITIES WOULD CONSIST OF THE INSTALLATION OF ADDITIONAL MONITORING WELLS, SAMPLE
COLLECTION AND ANALYSES ON A FREQUENT BASIS, AND REPAIR, MAINTENANCE AND REPLACEMENT OF
MONITORING EQUIPMENT AS NEEDED.  THE ESTIMATED COST OF 6.8 MILLION DOLLARS FOR AN ALTERNATIVE  
INVOLVING ONLY MONITORING ACTIVITIES ARISES FROM THE NEED TO MONITOR THIS SITE IN PERPETUITY. 
THE NO ACTION ALTERNATIVE IS NOT AN ENGINEERED REMEDIAL ALTERNATIVE, AND IT WOULD NOT SATISFY
THE REMEDIAL OBJECTIVES. THE NO ACTION ALTERNATIVE DOES NOT COMPLY WITH ARARS AND WOULD, 
LIKEWISE, NOT PROVIDE OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.

7.2.5 ALTERNATIVE 4 - STRUCTURAL CAP/DYNAMIC COMPACTION/HORIZONTAL FLOW BARRIER

   ESTIMATED CONSTRUCTION COST:           $ 59,332,000
   ESTIMATED O & M COST:                  $  6,175,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 65,507,000

   ESTIMATED IMPLEMENTATION TIME:         38 MONTHS

ALTERNATIVE 4 INCLUDES THE FOLLOWING REMEDIAL ACTIVITIES:

• TRENCH LEACHATE REMOVAL
• SOLIDIFICATION OF LEACHATE AND DISPOSAL IN NEW TRENCHES
• INSTALLATION OF HORIZONTAL FLOW BARRIER (LATERAL DRAIN/CUTOFF WALL), IF NECESSARY
• DYNAMIC COMPACTION OF EXISTING DISPOSAL TRENCHES CONCURRENT WITH ADDITION OF

COMPACTED SOIL AND SAND BACKFILL
• INSTALLATION OF A TWO-FOOT-THICK REINFORCED CONCRETE (STRUCTURAL) CAP OVER THE

COMPACTED TRENCHES AND A TWO-FOOT-THICK LOW-PERMEABILITY CLAY CAP OVER THE REST OF   
THE TRENCH DISPOSAL AREA.

• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

THIS ALTERNATIVE COMBINES THE TECHNOLOGIES OF TRENCH LEACHATE REMOVAL, DYNAMIC COMPACTION AND
STRUCTURAL CAPPING.  LEACHATE WOULD BE EXTRACTED, SOLIDIFIED, AND DISPOSED IN NEWLY-CONSTRUCTED
TRENCHES ON-SITE.  AFTER LEACHATE REMOVAL AND DYNAMIC COMPACTION OF THE DISPOSAL TRENCHES, A  
REINFORCED CONCRETE STRUCTURAL SLAB AND SEVERAL FEET OF SOIL COVER WOULD BE PLACED OVER THE
DISPOSAL TRENCHES.  THE USE OF DYNAMIC COMPACTION ON THE TRENCH AREA PRIOR TO PLACEMENT OF THE
STRUCTURAL CAP WOULD PROVIDE A STABLE FOUNDATION FOR THE CAP AND MINIMIZE FUTURE SUBSIDENCE. 
THE REINFORCED CONCRETE CAP WOULD NOT BE CAPABLE OF SPANNING THE WIDE TRENCHES WITHOUT THE
SUPPORT PROVIDED BY STABILIZATION.

THE LATERAL DRAIN/CUTOFF WALL, IF FOUND TO BE NECESSARY, WOULD HELP REDUCE THE OFF-SITE
MIGRATION OF CONTAMINANTS AND PREVENT THE INFILTRATION OF SUBSURFACE WATER.

7.2.6 ALTERNATIVE 5 -   NATURAL SUBSIDENCE/INITIAL CAP AND FINAL ENGINEERED SOIL CAP WITH
                        SYNTHETIC LINER/HORIZONTAL FLOW BARRIER - "NATURAL STABILIZATION"



   ESTIMATED CONSTRUCTION COST:           $ 23,910,000
   ESTIMATED O & M COST:                  $ 9,643,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 33,553,000

   ESTIMATED IMPLEMENTATION TIME:         22 MONTHS FOR INITIAL CLOSURE PERIOD;

                                          35 - 100 YEARS FOR INTERIM
                                          MAINTENANCE PERIOD FOLLOWING
                                          INITIAL CLOSURE PERIOD;

                                          10 MONTHS FOR FINAL CLOSURE
                                          PERIOD FOLLOWING INTERIM
                                          MAINTENANCE PERIOD

THE IMPLEMENTATION OF THIS ALTERNATIVE WOULD INVOLVE THE FOLLOWING ACTIVITIES:

• TRENCH LEACHATE REMOVAL
• SOLIDIFICATION OF LEACHATE AND DISPOSAL INTO NEW TRENCHES
• INSTALLATION OF AN INITIAL CAP AND PERIODIC REPLACEMENT OF SYNTHETIC LINER
• INSTALLATION OF HORIZONTAL FLOW BARRIER (NORTH CUTOFF WALL), IF NECESSARY
• NATURAL SUBSIDENCE WITH ACTIVE MAINTENANCE AND MONITORING
• INSTALLATION OF A FINAL ENGINEERED SOIL CAP WITH SYNTHETIC LINER
• INITIAL AND FINAL CAP GRADING AND CONTOURING TO CONTROL SURFACE WATER FLOW AND

EROSION
• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

THE "NATURAL STABILIZATION" ALTERNATIVE (8) COMBINES ELEMENTS OF CONTAINMENT, LEACHATE REMOVAL,
AND TREATMENT.  FOLLOWING LEACHATE EXTRACTION, SOLIDIFICATION AND DISPOSAL, AN INITIAL CAP WOULD
BE INSTALLED OVER THE TRENCH DISPOSAL AREA TO PREVENT INFILTRATION OF PRECIPITATION INTO THE
TRENCHES.  THE DISTINGUISHING FEATURE OF THIS ALTERNATIVE IS THE USE OF AN INITIAL CAP DURING
THE PERIOD OF NATURAL SUBSIDENCE, ESTIMATED TO TAKE APPROXIMATELY 35 TO 100 YEARS (THE INTERIM  
MAINTENANCE PERIOD).  THIS CAP WOULD BE DESIGNED TO PREVENT THE INFILTRATION OF RAINFALL AND
SURFACE WATER INTO THE DISPOSAL TRENCHES WHILE SUBSIDENCE AND MAINTENANCE ARE TAKING PLACE.  CAP
GRADING AND CONTOURING WOULD BE PERFORMED TO ENHANCE THE CONTROL OF SURFACE WATER FLOW, BETTER
DISTRIBUTE THE FLOW OF SURFACE WATER, AND CONTROL AND MINIMIZE, TO THE EXTENT PRACTICABLE,
EROSION OF HILLSLOPES. IMPROVEMENTS TO DRAINAGE CHANNELS WOULD BE PERFORMED TO ENHANCE 
DISTRIBUTION OF SURFACE WATER RUNOFF AND TO MINIMIZE EROSION.  CAP REPAIRS AND BACKFILLING OF
SUBSIDED AREAS WOULD BE PERFORMED DURING THE INTERIM MAINTENANCE PERIOD.

(8) - THE TERM "CLOSURE", IN THE "INITIAL CLOSURE PERIOD" AND "FINAL CLOSURE PERIOD"
COMPONENTS OF THE NATURAL STABILIZATION ALTERNATIVE, IS USED IN A GENERIC SENSE TO DENOTE
SETS OF REMEDIAL ACTIVITIES TO BE IMPLEMENTED DURING THOSE LIMITED TIME PERIODS.  NEITHER
THE TERM CLOSURE NOR THE DESIGNATIONS "INITIAL CLOSURE PERIOD" AND "FINAL CLOSURE PERIOD"
ARE USED IN ANY SPECIFIC REGULATORY SENSE (I.E., AEC OR RCRA CLOSURE).

THE TYPE OF INITIAL CAP UTILIZED WOULD BE CONTINGENT UPON ITS ABILITY TO CONTROL SURFACE WATER
RUNON AND RUNOFF.  ACCELERATED RATES OF HILLSLOPE AND/OR DRAINAGE CHANNEL EROSION WOULD
NECESSITATE A MODIFICATION TO THE PROPOSED INITIAL CAP DESIGN.

A FINAL, MULTILAYER CAP WITH SYNTHETIC LINER WOULD BE INSTALLED AT THE COMPLETION OF NATURAL
SUBSIDENCE, AT WHICH TIME THE TRENCHES WOULD FORM A STABLE FOUNDATION FOR THE FINAL CAP.

ADDITIONALLY, A NORTH CUTOFF WALL WOULD BE CONSTRUCTED, IF DETERMINED TO BE NECESSARY, TO



PREVENT LATERAL GROUND WATER INFILTRATION INTO THE DISPOSAL TRENCHES.  OTHER TYPES OF HORIZONTAL
FLOW BARRIERS, SUCH AS A LATERAL DRAIN/CUTOFF WALL, COULD ALSO BE CONSIDERED.

MAINTENANCE REQUIREMENTS FOR THIS ALTERNATIVE WOULD BE SIGNIFICANT DURING THE INTERIM
MAINTENANCE PERIOD.  ONCE THE TRENCHES HAVE SUFFICIENTLY STABILIZED, THE FINAL CAP WOULD BE
INSTALLED AND MAINTENANCE REQUIREMENTS WOULD BE MINIMAL.  THE TIMING OF FINAL CAP CONSTRUCTION
WOULD BE BASED UPON SPECIFIC SUBSIDENCE CRITERIA DEVELOPED IN THE REMEDIAL DESIGN.

7.2.7 ALTERNATIVE 8 -   NATURAL SUBSIDENCE/ENGINEERED SOIL CAP WITH SYNTHETIC LINER/HORIZONTAL
                        FLOW BARRIER

   ESTIMATED CONSTRUCTION COST:           $ 34,302,000
   ESTIMATED O & M COST:                  $ 13,105,000
   ESTIMATED PRESENT WORTH TOTAL COST:    $ 47,407,000

   ESTIMATED IMPLEMENTATION TIME:         23 MONTHS

ALTERNATIVE 8 INCLUDES THE FOLLOWING REMEDIAL ACTIVITIES:

• LEACHATE REMOVAL
• SOLIDIFICATION OF LEACHATE AND DISPOSAL IN NEW TRENCHES
• INSTALLATION OF A HORIZONTAL FLOW BARRIER (NORTH CUTOFF WALL), IF NECESSARY
• INSTALLATION OF AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER
• CAP GRADING AND CONTOURING TO CONTROL SURFACE WATER FLOW AND EROSION
• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

FOLLOWING LEACHATE EXTRACTION, SOLIDIFICATION AND DISPOSAL, AN ENGINEERED SOIL CAP WITH
SYNTHETIC LINER WOULD BE PLACED OVER THE TRENCH DISPOSAL AREA TO PREVENT INFILTRATION OF
PRECIPITATION INTO THE TRENCHES.  THE CAP UTILIZED IN THIS ALTERNATIVE IS IDENTICAL TO THE 
FINAL CAP DESCRIBED IN ALTERNATIVE 5.  ALTERNATIVE 8 IS IDENTICAL TO ALTERNATIVE 5 EXCEPT FOR
THE TIME OF PLACEMENT OF THE FINAL CAP. ALTERNATIVE 8 PLACES THE FINAL CAP OVER THE TRENCH
DISPOSAL AREA IMMEDIATELY, RATHER THAN WAITING FOR SUBSIDENCE TO RUN ITS COURSE DURING THE
ESTIMATED 35 TO 100 YEAR SUBSIDENCE PERIOD AS IN ALTERNATIVE 5. TRENCH STABILIZATION WOULD BE
ACCOMPLISHED BY NATURAL SUBSIDENCE AS IN ALTERNATIVE 5 WITH REPAIRS TO THE FINAL CAP BEING MADE
OVER THE PERIOD OF SUBSIDENCE.

THE REQUIRED MAINTENANCE ACTIVITIES FOR THIS ALTERNATIVE WOULD BE HIGH SINCE TRENCH SUBSIDENCE
AND RESULTING REPAIR OF THE COMPLEX FINAL CAP WOULD BE SIGNIFICANT.  SURFACE WATER CONTROL WOULD
BE ADDRESSED THROUGH CAP GRADING AND CONTOURING AND DRAINAGE CHANNEL IMPROVEMENTS.  THE NORTH  
CUTOFF WALL WOULD PROVIDE A BARRIER AGAINST INFILTRATION OF GROUND WATER INTO THE TRENCH AREA.

7.2.8 ALTERNATIVE 10 - DYNAMIC COMPACTION/ENGINEERED SOIL CAP WITH SYNTHETIC LINER/HORIZONTAL
                       FLOW BARRIER

   ESTIMATED CONSTRUCTION COST:           $ 39,538,000
   ESTIMATED O & M COST:                  $ 4,790,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 44,328,000

   ESTIMATED IMPLEMENTATION TIME:         35 MONTHS



ALTERNATIVE 10 INCLUDES THE FOLLOWING REMEDIAL ACTIVITIES:

• LEACHATE REMOVAL
• SOLIDIFICATION OF LEACHATE AND DISPOSAL INTO NEW TRENCHES
• INSTALLATION OF A HORIZONTAL FLOW BARRIER (NORTH CUTOFF WALL), IF NECESSARY
• DYNAMIC COMPACTION OF EXISTING TRENCHES WITH CONCURRENT ADDITION OF COMPACTED SOIL

AND SAND BACKFILL
• INSTALLATION OF AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER
• CAP GRADING AND CONTOURING TO CONTROL SURFACE WATER FLOW AND EROSION
• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

WITH ALTERNATIVE 10, THE DYNAMIC COMPACTION TECHNOLOGY WOULD BE EMPLOYED TO STABILIZE THE TRENCH
WASTES ARTIFICIALLY RATHER THAN RELYING ON NATURAL SUBSIDENCE.  PRIOR TO DYNAMIC COMPACTION OF
THE TRENCHES, LEACHATE WOULD BE EXTRACTED, SOLIDIFIED AND DISPOSED ON-SITE IN NEW DISPOSAL
TRENCHES.

UPON COMPACTION OF THE TRENCHES, AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER WOULD BE PLACED
OVER THE TRENCH DISPOSAL AREA TO MINIMIZE VERTICAL INFILTRATION OF WATER INTO THE DISPOSAL
TRENCHES.  THE CAP WOULD BE GRADED AND CONTOURED TO CONTROL THE RATE OF SURFACE WATER FLOW AND  
MINIMIZE EROSION TO THE EXTENT PRACTICABLE.

A NORTH CUTOFF WALL (OR OTHER SUFFICIENT HORIZONTAL FLOW BARRIER) WOULD BE INSTALLED, IF
DETERMINED TO BE NECESSARY, TO CONTROL THE INFILTRATION OF GROUND WATER INTO THE DISPOSAL
TRENCHES.

7.2.9 ALTERNATIVE 11 - TRENCH GROUTING/ENGINEERED SOIL CAP WITH SYNTHETIC LINER/HORIZONTAL FLOW
                       BARRIER

   ESTIMATED CONSTRUCTION COST:           $ 61,870,000
   ESTIMATED O & M COST:                  $  6,989,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 68,859,000

   ESTIMATED IMPLEMENTATION TIME:         6 MONTHS

ALTERNATIVE 11 INCLUDES THE FOLLOWING REMEDIAL ACTIVITIES:

• TRENCH LEACHATE REMOVAL
• INSTALLATION OF A HORIZONTAL FLOW BARRIER (NORTH CUTOFF WALL), IF NECESSARY
• GROUTING OF ACCESSIBLE VOIDS IN THE EXISTING DISPOSAL TRENCHES WITH GROUT MADE FROM

POTABLE WATER AND/OR LEACHATE
• INSTALLATION OF AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER.
• CAP GRADING AND CONTOURING TO CONTROL SURFACE WATER FLOW AND EROSION
• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

ALTERNATIVE 11 WOULD ACHIEVE TRENCH STABILIZATION BY INJECTING GROUT THROUGH LANCES OR PROBES
INTO THE MAJORITY OF TRENCHES FOR THE PURPOSE OF FILLING VOIDS AND OTHER OPENINGS IN THE
TRENCHES.  TRENCH LEACHATE WOULD BE EXTRACTED AND WOULD THEN BE USED IN THE GROUT MIX FOR
INJECTION INTO THE TRENCHES.  ONCE INJECTED WITH GROUT, THE TRENCHES WOULD PROVIDE A STABLE
FOUNDATION FOR A TRENCH COVER.  AN ENGINEERED SOIL CAP WITH SYNTHETIC LINER WOULD BE PLACED OVER
THE TRENCH DISPOSAL AREA TO PREVENT INFILTRATION OF PRECIPITATION INTO THE TRENCHES.  THE CAP
WOULD BE GRADED AND CONTOURED TO ENHANCE CONTROL OF SURFACE WATER RUNON AND RUNOFF AND
IMPROVEMENTS TO DRAINAGE CHANNELS WOULD BE PERFORMED TO ENHANCE DISTRIBUTION OF SURFACE WATER



RUNOFF AND TO MINIMIZE EROSION.

A NORTH CUTOFF WALL (OR OTHER SUFFICIENT HORIZONTAL FLOW BARRIER) WOULD BE INSTALLED, IF
NECESSARY, TO PREVENT THE INFILTRATION OF GROUND WATER INTO THE DISPOSAL TRENCHES

7.2.10 ALTERNATIVE 17 - DYNAMIC COMPACTION/ENGINEERED SOIL CAP/HORIZONTAL FLOW BARRIER

   ESTIMATED CONSTRUCTION COST:           $ 51,920,000
   ESTIMATED O & M COST:                  $  4,634,000
   ESTIMATED PRESENT-WORTH TOTAL COST:    $ 56,554,000

   ESTIMATED IMPLEMENTATION TIME:         38 MONTHS

ALTERNATIVE 17 INCLUDES THE FOLLOWING REMEDIAL ACTIVITIES:

• LEACHATE REMOVAL
• SOLIDIFICATION OF LEACHATE WITH DISPOSAL INTO NEW TRENCHES
• INSTALLATION OF A HORIZONTAL FLOW BARRIER (LATERAL DRAIN/CUTOFF WALL), IF NECESSARY
• DYNAMIC COMPACTION OF EXISTING DISPOSAL TRENCHES CONCURRENT WITH THE ADDITION OF

COMPACTED SOIL AND SAND BACKFILL
• INSTALLATION OF AN ENGINEERED SOIL CAP (WITH ALL NATURAL MATERIALS)
• CAP GRADING AND CONTOURING TO CONTROL SURFACE WATER FLOW AND EROSION
• DRAINAGE CHANNEL IMPROVEMENTS AND OTHER NECESSARY SURFACE WATER CONTROL FEATURES
• BASELINE FEATURES

ALTERNATIVE 17 COMBINES THE REMEDIAL TECHNOLOGIES OF CAPPING AND DYNAMIC COMPACTION TO STABILIZE
THE TRENCHES.  PRIOR TO DYNAMIC COMPACTION OF THE TRENCHES, LEACHATE WOULD BE EXTRACTED,
SOLIDIFIED AND DISPOSED ON-SITE IN NEW DISPOSAL TRENCHES.  THE DIFFERENCES BETWEEN THIS
ALTERNATIVE AND ALTERNATIVE 10 ARE THE TYPES OF HORIZONTAL FLOW BARRIER AND CAP EMPLOYED.  THIS
ALTERNATIVE WOULD INVOLVE INSTALLATION OF A LATERAL DRAIN/CUTOFF WALL RATHER THAN THE NORTH
CUTOFF WALL USED IN ALTERNATIVE 10 AND THE ENGINEERED SOIL CAP WOULD BE MADE OF ALL NATURAL
MATERIALS AND WOULD NOT CONTAIN A SYNTHETIC LINER AS IN ALTERNATIVE 10.

THE CAP WOULD BE INSTALLED OVER THE TRENCH DISPOSAL AREA TO MINIMIZE INFILTRATION INTO THE
TRENCHES.  THE CAP WOULD BE GRADED AND CONTOURED TO ENHANCE CONTROL OF SURFACE WATER RUNON AND
RUNOFF AND IMPROVEMENTS TO DRAINAGE CHANNELS WOULD BE PERFORMED TO ENHANCE DISTRIBUTION OF
SURFACE WATER RUNOFF AND TO MINIMIZE EROSION.

TABLE 28 LISTS THE ALTERNATIVES THAT UNDERWENT A DETAILED ANALYSIS FOR THE MFDS.

#ARAR
8.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)

CERCLA SECTION 121(D)(2) REQUIRES THAT THE SELECTED REMEDY COMPLY WITH ALL FEDERAL AND STATE
ENVIRONMENTAL LAWS THAT ARE APPLICABLE OR RELEVANT AND APPROPRIATE TO THE HAZARDOUS SUBSTANCES,
POLLUTANTS, OR CONTAMINANTS AT THE SITE OR TO THE ACTIVITIES TO BE PERFORMED AT THE SITE. 
THEREFORE, TO BE SELECTED AS THE REMEDY, AN ALTERNATIVE MUST MEET ALL ARARS OR A WAIVER MUST BE
OBTAINED.  TABLES 30 AND 31 SUMMARIZE THE ACTION-SPECIFIC AND CONTAMINANT-SPECIFIC APPLICABLE OR
RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) IDENTIFIED FOR THE MFDS.  A DISCUSSION OF HOW EACH
ARAR APPLIES TO THE MFDS IS ALSO PROVIDED BELOW.

8.1 ACTION-SPECIFIC ARARS

AN ACTION-SPECIFIC ARAR IS A PERFORMANCE, DESIGN, OR OTHER SIMILAR ACTION-SPECIFIC REQUIREMENT



THAT IMPACTS PARTICULAR REMEDIAL ACTIVITIES. THESE REQUIREMENTS ARE TRIGGERED BY THE PARTICULAR
REMEDIAL ACTIVITIES THAT ARE SELECTED TO ACCOMPLISH A REMEDY.  THESE REQUIREMENTS DO NOT IN 
THEMSELVES DETERMINE THE REMEDIAL ALTERNATIVE; RATHER, THEY INDICATE HOW A SELECTED ALTERNATIVE
MUST BE ACHIEVED.  THE FOLLOWING ARE ACTION-SPECIFIC REQUIREMENTS FOR THE MAXEY FLATS DISPOSAL
SITE REMEDY:

   OCCUPATIONAL SAFETY AND HEALTH (OSHA) STANDARDS (29 CFR SECTIONS
   1910.120, .1000 - .1500, PARTS 1926.53, .650 - .653)

THE OSHA HAZARDOUS SUBSTANCE SAFETY STANDARDS, 29 CFR 1910.120, .1000 - .1500, ARE APPLICABLE,
ACTION-SPECIFIC REQUIREMENTS FOR REMEDIAL ACTIVITIES AT THE MFDS.  THE OSHA STANDARDS (1910.120)
FOR HAZARDOUS SUBSTANCE RESPONSE ACTIONS UNDER CERCLA ESTABLISH SAFETY AND HEALTH PROGRAM
REQUIREMENTS THAT MUST BE IMPLEMENTED IN THE CLEANUP PHASE OF A CERCLA RESPONSE.  UNDER THE
REGULATIONS, A HEALTH AND SAFETY PROGRAM WILL BE REQUIRED FOR EMPLOYEES AND CONTRACTORS WORKING
AT THE MFDS.  THE STANDARDS FOUND IN 1910.1000 - .1500 GOVERN CERCLA RESPONSE ACTIONS INVOLVING
ANY TYPE OF HAZARDOUS SUBSTANCE THAT MAY RESULT IN ADVERSE EFFECTS ON EMPLOYEES' HEALTH AND
SAFETY.  THESE STANDARDS ALSO INCORPORATE ALL OF THE REQUIREMENTS OF 29 CFR PART 1926, THE OSHA
HEALTH AND SAFETY STANDARDS FOR CONSTRUCTION.  THE PROVISIONS OF 29 CFR 1926.650 - .653 ARE
APPLICABLE TO ANY EXCAVATION, TRENCHING, AND SHORING THAT IS UNDERTAKEN AS PART OF THE
CONSTRUCTION OF TRENCHES, CUT-OFF WALLS, ETC.

THE OSHA STANDARDS FOUND IN 29 CFR 1926.53 ARE RELEVANT AND APPROPRIATE REQUIREMENTS FOR
CONSTRUCTION AND RELATED ACTIVITIES INVOLVING THE "USE" OF IONIZING RADIATION.  WHILE THE
ACTIONS TO BE PURSUED AT THE MFDS DO NOT, NECESSARILY, INVOLVE THE"USE" OF SOURCES OF IONIZING
RADIATION OR RADIOACTIVE MATERIALS, THESE STANDARDS DO PERTAIN TO THE SUBSTANCES INVOLVED AT THE
SITE AND TO THE ACTIVITIES OF THE WORKERS IN UNDERTAKING  ANY PART OF THE REMEDIAL ACTION IN THE
RESTRICTED AREA.

NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAPS) (40 CFR PART 61, SUBPART I)

THE NESHAPS STANDARDS FOUND IN 40 CFR PART 61, SUBPART I, ARE APPLICABLE TO THOSE PORTIONS OF
REMEDIAL ACTION THAT WOULD RESULT IN FUGITIVE EMISSION OF RADIONUCLIDES INTO AN UNRESTRICTED
AREA.  COMPLIANCE WITH THIS APPLICABLE REQUIREMENT IS DETERMINED BY CALCULATING THE DOSE TO  
MEMBERS OF THE PUBLIC AT THE POINT OF MAXIMUM ANNUAL AIR CONCENTRATION IN UNRESTRICTED AREAS,
USING EPA-APPROVED SAMPLING PROCEDURES AND COMPUTER CODES.  THE AIR EMISSION STANDARD FOR NRC
LICENSEES, WHICH INCLUDES THE MFDS, IS SET AT 25 MREM PER YEAR TO THE WHOLE BODY AND 75 MREM PER
YEAR TO THE CRITICAL ORGAN OF ANY MEMBER OF THE PUBLIC (9).

(9) - A REVISION TO THIS SUBPART, CHANGING THE EMISSION STANDARD TO 10 MREM/YEAR EFFECTIVE
DOSE EQUIVALENT, HAS BEEN PROMULGATED BUT THE EFFECTIVE DATE HAS BEEN STAYED.

KENTUCKY STANDARDS FOR PROTECTION AGAINST RADIATION (ALLOWABLE DOSES IN RESTRICTED AREAS) (902
KAR 100:020)

THE KENTUCKY REGULATIONS FOUND IN 902 KAR 100:020 ARE APPLICABLE REQUIREMENTS FOR ANY EMPLOYEE
PERFORMING WORK AND FOR ANY OTHER INDIVIDUAL OCCUPYING THE RESTRICTED AREA DURING REMEDIATION OF
THE MFDS. THESE REGULATIONS INCLUDE: LIMITS TO TOTAL OCCUPATIONAL DOSE RECEIVED, LIMITS TO
AIRBORNE EXPOSURE IN RESTRICTED AREAS, REQUIRED SURVEYS TO ESTABLISH COMPLIANCE, AND THE USE OF
APPROPRIATE SIGNS, LABELS, SIGNALS AND CONTROLS TO MINIMIZE EXPOSURE TO RADIATION.

FEDERAL STANDARDS FOR PROTECTION AGAINST RADIATION (ALLOWABLE DOSES IN RESTRICTED AREAS) (10 CFR
PART 20)

THE REQUIREMENTS FOUND IN 10 CFR 20.101 - .103, .210(B)(1), .202, .203(A) - (C)(5), (D), AND



APPENDIX B, TABLE I ARE RELEVANT AND APPROPRIATE FOR THE MFDS.  BECAUSE KENTUCKY IS AN AGREEMENT
STATE, ITS RADIATION PROTECTION STANDARDS FOR PROTECTING AGAINST RADIATION IN RESTRICTED AREAS
(902 KAR 100:020 ABOVE), AS OPPOSED TO THE FEDERAL STANDARDS, ARE THE APPLICABLE STANDARDS.

GENERAL KENTUCKY REQUIREMENTS CONCERNING RADIOLOGICAL SOURCES (ALARA)(902 KAR 100:015)

THE REQUIREMENT FOUND IN 902 KAR 100:015, SECTIONS 1 AND 2, WHICH REQUIRES THAT ALL PERSONS "WHO
RECEIVE, POSSESS, USE, TRANSFER, OWN, OR ACQUIRE" ANY RADIOACTIVE SOURCES MUST MAKE EVERY
REASONABLE EFFORT TO MAINTAIN RADIATION EXPOSURES AND RELEASES IN UNRESTRICTED AREAS TO "AS LOW
AS REASONABLY ACHIEVABLE" (ALARA), IS APPLICABLE TO THE MFDS.

KENTUCKY FUGITIVE AIR EMISSIONS STANDARDS (401 KAR 63:010)

THE FUGITIVE AIR EMISSIONS STANDARDS FOUND IN 401 KAR 63:010 ARE APPLICABLE TO THE MFDS REMEDIAL
ACTIVITIES BECAUSE THEY APPLY TO POTENTIAL OPERATIONS SUCH AS CAP INSTALLATION, EXCAVATION OF
DISPOSAL TRENCHES, DEMOLITION ACTIVITIES, AND OTHER ACTIVITIES THAT MAY EMIT DUST AND OTHER AIR
CONTAMINANTS.  THE STANDARDS REQUIRE INDIVIDUALS TO TAKE REASONABLE PRECAUTIONS TO PREVENT
PARTICULATE MATTER FROM BECOMING AIRBORNE WHEN MATERIAL IS HANDLED OR PROCESSED, A BUILDING IS 
CONSTRUCTED, ALTERED, OR DEMOLISHED, OR A ROAD IS USED.  VISIBLE FUGITIVE DUST EMISSIONS MUST BE
CONTAINED WITHIN THE LOT LINE OF THE PROPERTY ON WHICH THE EMISSIONS ORIGINATE.

KENTUCKY STANDARDS FOR THE DISPOSAL OF RADIOACTIVE MATERIAL (902 KAR 100:021)

THE RADIOACTIVE WASTE CLASSIFICATION SYSTEM AND THE RADIOACTIVE WASTE CHARACTERISTICS
REQUIREMENTS, FOUND IN SECTIONS 7 AND 8 OF 902 KAR 100:021, ARE APPLICABLE REQUIREMENTS FOR THE
WASTE DISPOSED OF DURING THE REMEDIATION OF THE MFDS.  SECTION 7 PROVIDES THE CRITERIA FOR 
CLASSIFYING WASTE FOR NEAR-SURFACE DISPOSAL.  SECTION 8 CONTAINS MINIMUM WASTE HANDLING
REQUIREMENTS FOR WASTE DISPOSED OF IN NEW TRENCHES, PACKAGING REQUIREMENTS, PERMISSIBLE WASTE
CHARACTERISTICS, AND STABILITY REQUIREMENTS OF WASTE GENERATED DURING REMEDIATION OF THE MFDS.

KENTUCKY LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE (902 KAR 100:022)

SECTIONS 14, 19, 21, 23, 24(1) - (11), 25(3) AND 27(2) OF 902 KAR 100:022 ARE RELEVANT AND
APPROPRIATE REQUIREMENTS FOR THE DISPOSAL OF WASTE GENERATED DURING REMEDIATION IN NEW UNITS AT
THE MFDS.  THE KENTUCKY LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE SPECIFY
THAT CLOSURE SHALL BE DESIGNED TO ACHIEVE LONG-TERM STABILITY AND ISOLATION OF THE RADIOACTIVE
WASTE, TO PROTECT AGAINST INADVERTENT INTRUSION, AND TO ELIMINATE, TO THE EXTENT PRACTICABLE,
THE NEED FOR ON-GOING, ACTIVE MAINTENANCE OF THE DISPOSAL SITE SO THAT ONLY SURVEILLANCE,
MONITORING, AND MINOR CUSTODIAL CARE IS REQUIRED.  THE REGULATIONS FURTHER PROVIDE FOR
POST-CLOSURE SURVEILLANCE OF THE SITE, WHICH INCLUDES A MONITORING SYSTEM THAT PROVIDES EARLY
WARNING OF RELEASES OF RADIONUCLIDES BEFORE THEY REACH THE SITE BOUNDARY, AND INSTITUTIONAL
CONTROL REQUIREMENTS.

FEDERAL LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE (10 CFR PART 61)

THE REQUIREMENTS FOUND IN 10 CFR PART 61.29, .42, .44, .51(A), .52(A)(1) - (11), .53(D), .55 AND
.56 ARE RELEVANT AND APPROPRIATE FOR NEW DISPOSAL UNITS AT THE MFDS.  SECTION 61.41 WILL BE
TREATED AS RELEVANT AND APPROPRIATE PROVIDED THE NEW TRENCHES ARE LOCATED IN A MANNER THAT  
ALLOWS COMPLIANCE WITH THE STANDARD TO BE MEASURED AT THE BOUNDARY OF THE RESTRICTED AREA
WITHOUT INTERFERENCE FROM RADIONUCLIDES MIGRATING FROM EXISTING TRENCHES.  SECTIONS 61.42, .44,
.51(A), .52(A)(6), .53(D), AND .59(B) ARE RELEVANT AND APPROPRIATE WITH RESPECT TO THE CAPS,  
MONITORING SYSTEM AND INSTITUTIONAL CONTROLS AT THE MFDS.

KENTUCKY SOIL AND WATER CONSERVATION REQUIREMENTS (CHAPTER 262 OF KENTUCKY REVISED STATUTES)



CHAPTER 262 OF THE KENTUCKY REVISED STATUTES, WHICH PROVIDES FOR THE ESTABLISHMENT OF SOIL AND
WATER CONSERVATION REQUIREMENTS TO PREVENT AND CONTROL SOIL EROSION, ARE RELEVANT AND
APPROPRIATE REQUIREMENTS FOR THE MFDS.  REMEDIAL ACTIVITIES COULD CREATE CHANGES IN SOIL
CONDITIONS AND SURFACE WATER FLOW.  THUS, THE GENERALLY APPLICABLE REQUIREMENTS FOR THE  
TECHNOLOGIES/ACTIONS THAT COULD LEAD TO LARGE-SCALE SOIL DISTURBANCE ARE RELEVANT AND
APPROPRIATE.

KENTUCKY HAZARDOUS WASTE MANAGEMENT REGULATIONS (401 KAR CHAPTER 34)

FEDERAL REGULATIONS UNDER THE RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) ESTABLISH MINIMUM
NATIONAL STANDARDS DEFINING THE ACCEPTABLE MANAGEMENT OF HAZARDOUS WASTE.  STATES CAN BE
AUTHORIZED BY EPA TO ADMINISTER AND ENFORCE RCRA HAZARDOUS WASTE MANAGEMENT PROGRAMS IN LIEU  
OF THE FEDERAL PROGRAM IF THE STATES HAVE EQUIVALENT STATUTORY AND REGULATORY AUTHORITY.  IF THE
CERCLA SITE IS LOCATED IN A STATE WITH AN AUTHORIZED RCRA PROGRAM, THE STATE'S PROMULGATED RCRA
REQUIREMENTS WILL REPLACE THE EQUIVALENT FEDERAL REQUIREMENTS AS POTENTIALLY ARAR.  IF THE STATE
IS AUTHORIZED FOR ONLY A PORTION OF THE RCRA PROGRAM, BOTH FEDERAL AND STATE STANDARDS MAY BE
ARARS.

SINCE EPA HAS DELEGATED THE RESOURCE CONSERVATION AND RECOVERY ACT(RCRA) PROGRAM TO KENTUCKY,
THE KENTUCKY HAZARDOUS WASTE MANAGEMENT REGULATIONS ARE APPLICABLE, EXCEPT FOR REQUIREMENTS SUCH
AS THOSE PROMULGATED UNDER THE HAZARDOUS AND SOLID WASTE AMENDMENTS OF 1984 (HSWA), WHICH HAVE
NOT YET BEEN DELEGATED TO KENTUCKY.

RADIOACTIVE SHIPMENT RECORDS FOR THE MFDS INDICATE THE DISPOSAL OF LIQUID SCINTILLATION VIALS
(LSVS) AT THE SITE.  LSVS, DURING THE 1963 TO 1977 SITE DISPOSAL PERIOD, TYPICALLY CONTAINED A
XYLENE OR TOLUENE SOLVENT BASE.  THE FLUIDS FROM LSVS CONTAINING XYLENE AND TOLUENE ARE 
CONSIDERED RCRA SPENT SOLVENT, LISTED HAZARDOUS WASTE.  SAMPLE ANALYSES DETECTED THE PRESENCE OF
LOW LEVELS OF TOLUENE AND XYLENE IN TRENCH LEACHATE DURING THE MFDS REMEDIAL INVESTIGATION. 
CONSEQUENTLY, THE LEACHATE AT THE MFDS IS CONSIDERED TO BE A LISTED HAZARDOUS WASTE.

ALTHOUGH DISPOSAL OF THE LSVS AT THE MFDS ORIGINALLY OCCURRED PRIOR TO THE EFFECTIVE DATE OF
RCRA SUBTITLE C REGULATIONS (NOVEMBER 19, 1980), THE SELECTED REMEDY FOR THE MFDS WILL
CONSTITUTE DISPOSAL OF A HAZARDOUS WASTE VIA THE EXTRACTION, SOLIDIFICATION AND DISPOSAL OF
APPROXIMATELY THREE MILLION GALLONS OF TRENCH LEACHATE ON-SITE.  THUS, THE RCRA REQUIREMENTS, OR
THEIR KENTUCKY COUNTERPARTS, ARE APPLICABLE TO THE MFDS.

THE FOLLOWING KENTUCKY HAZARDOUS WASTE MANAGEMENT REGULATIONS ARE ARARS THAT MUST BE MET BY THE
SELECTED REMEDY:

• 401 KAR 34:060 - GROUND WATER PROTECTION: SECTIONS 8 AND 9 SET FORTH GENERAL GROUND
WATER MONITORING REQUIREMENTS AND DETECTION MONITORING PROGRAM REQUIREMENTS. 
SECTIONS 10 AND 11 SET FORTH STANDARDS FOR THE COMPLIANCE MONITORING PROGRAM AND
CORRECTIVE ACTION PROGRAMS WHICH ESTABLISH HOW THE DATA GATHERED WILL BE EVALUATED
AND WHAT ACTIONS MUST BE TAKEN TO ELIMINATE CONTAMINATION OF GROUND WATER. SHOULD
GROUND WATER MONITORING IN THE ALLUVIUM INDICATE MAXIMUM CONCENTRATION LIMITS
(MCLS/MCLGS) HAVE BEEN EXCEEDED, THE SELECTED REMEDY MUST IMPLEMENT CORRECTIVE       
ACTION TO COMPLY WITH THE MCLS/MCLGS.

• 401 KAR 34:070 (SECTIONS 2, 5, 7, 8 AND 10) - CLOSURE AND POST-CLOSURE: SECTION 2
SETS OUT CLOSURE PERFORMANCE STANDARDS WHICH, AMONG OTHER REQUIREMENTS, ARE INTENDED
TO MINIMIZE THE NEED FOR FURTHER MAINTENANCE AND CONTROL, MINIMIZE OR ELIMINATE TO
THE EXTENT NECESSARY POST-CLOSURE ESCAPE OF HAZARDOUS CONSTITUENTS TO GROUND OR
SURFACE WATER OR THROUGH THE ATMOSPHERE, TO PROTECT HUMAN HEALTH AND THE
ENVIRONMENT.



SECTION 5 PROVIDES FOR THE DISPOSAL OR DECONTAMINATION OF EQUIPMENT, STRUCTURES, AND SOILS. 
SECTION 7 REQUIRES A SURVEY PLAT TO BE SUBMITTED TO THE LOCAL ZONING AUTHORITY AND THE
COMMONWEALTH.  SECTION 8 PROVIDES FOR POST-CLOSURE CARE AND USE OF PROPERTY.  SECTION 10
REQUIRES A NOTATION ON THE DEED TO THE PROPERTY NOTING THE PREVIOUS MANAGEMENT OF HAZARDOUS
WASTES THEREON AND THE LAND USE RESTRICTIONS RESULTING FROM THAT USE.

• 401 KAR 34:190 - TANKS: 401 KAR 34:190 REGULATES TANK SYSTEMS THAT ARE USED FOR
TREATMENT AND STORAGE OF HAZARDOUS WASTE.

• 401 KAR 34:230 LANDFILL CLOSURE STANDARDS: SECTION 6 PROVIDES STANDARDS FOR COVERS
(CAPS) FOR SITES WHERE WASTE IS LEFT IN PLACE.  THESE STANDARDS WILL APPLY TO THE    
DESIGN OF THE FINAL CAP AT THE MFDS.

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) HAZARDOUS WASTE MANAGEMENT STANDARDS (40 CFR PART
268)

ALTHOUGH EPA HAS DELEGATED THE RCRA PROGRAM TO KENTUCKY, THOSE FEDERAL HAZARDOUS WASTE
MANAGEMENT REGULATIONS PROMULGATED UNDER HSWA, WHICH HAVE NOT BEEN DELEGATED TO KENTUCKY, ARE
ALSO APPLICABLE TO THE MFDS. SPECIFICALLY, 40 CFR PART 268, WHICH SETS OUT LAND DISPOSAL
RESTRICTIONS (LDRS), IS APPLICABLE TO THE MFDS.  THE LDRS REQUIRE HAZARDOUS WASTES TO BE TREATED
TO SPECIFIED LEVELS PRIOR TO LAND DISPOSAL.  THE LDRS ARE WAIVED FOR REMEDIAL ACTION AT THE
MFDS; SEE SECTION 8.3 - ARARS WAIVER OF THIS RECORD OF DECISION.

THE REQUIREMENTS OF 40 CFR 264, RELATED TO MINIMUM TECHNOLOGY TRENCH DESIGN REQUIREMENTS, ARE
NEITHER APPLICABLE NOR RELEVANT AND APPROPRIATE TO THE REMEDIAL ACTIONS AT THE MFDS FOR THOSE
DISPOSAL TRENCHES CONSTRUCTED WITHIN THE AREA OF CONTAMINATION (10) (AOC) FOR THE MFDS.

THE RCRA MINIMUM TECHNOLOGY REQUIREMENTS ARE NOT APPLICABLE BECAUSE DISPOSAL OF SOLIDIFIED
TRENCH LEACHATE WILL NOT OCCUR IN A NEW RCRA UNIT, A LATERAL EXPANSION OF AN EXISTING UNIT, OR A
REPLACEMENT UNIT. THE SELECTED REMEDY PRESUMES THAT SUFFICIENT SPACE IS CURRENTLY AVAILABLE
WITHIN THE AOC FOR THE DESIRED NUMBER OF NEW DISPOSAL TRENCHES TO BE CONSTRUCTED.  HOWEVER, IF
SPACIAL LIMITATIONS NECESSITATE CONSTRUCTION OF NEW DISPOSAL TRENCHES OUTSIDE THE AREA OF
CONTAMINATION, MINIMUM TECHNOLOGY TRENCH DESIGN REQUIREMENTS WOULD BE APPLICABLE REQUIREMENTS. 
FOR THE MFDS, THE AOC IS BEST DESCRIBED AS THE ENTIRE AREA OF THE RESTRICTED AREA, AN
APPROXIMATE 400 FOOT WIDE AREA PARALLEL TO THE ENTIRE WESTERN BOUNDARY OF THE RESTRICTED AREA,
AN AREA 400 FEET BY 400 FEET AT THE NORTHWEST CORNER OF THE RESTRICTED AREA, AND AN APPROXIMATE
700 FEET WIDE AREA PARALLEL TO THE ENTIRE EAST BOUNDARY OF THE RESTRICTED AREA.  THE AOC, AS
ILLUSTRATED IN FIGURE 15, IS SUBJECT TO REDEFINITION SHOULD NEW INFORMATION BECOME AVAILABLE,
THROUGH ADDITIONAL SITE SAMPLING, WHICH INDICATES THE PRESENCE OF ADDITIONAL AREAS OF
CONTAMINATION CONTIGUOUS TO THE CURRENT AOC.

   (10) - AN AREA OF CONTAMINATION (AOC) IS DELINEATED BY THE AREAL EXTENT
   (OR BOUNDARY) OF CONTIGUOUS CONTAMINATION.  SUCH CONTAMINATION MUST BE
   CONTIGUOUS, BUT MAY CONTAIN VARYING TYPES AND CONCENTRATIONS OF
   HAZARDOUS SUBSTANCES.  AN EXAMPLE OF AN AREA OF CONTAMINATION INCLUDES A
   LANDFILL AND THE SURROUNDING CONTAMINATED SOIL.

WHILE MINIMUM TECHNOLOGY TRENCH DESIGN REQUIREMENTS MIGHT BE CONSIDERED RELEVANT TO THE DISPOSAL
OF HAZARDOUS WASTE AT THE MFDS, EPA DOES NOT CONSIDER THEM APPROPRIATE FOR THE MFDS BASED UPON
SUCH FACTORS AS THE VERY LOW CONCENTRATIONS OF CHEMICAL CONSTITUENTS RELATIVE TO THE THREAT  
POSED BY THE RADIOACTIVITY AT THE MFDS; THE POTENTIALLY SIGNIFICANT INCREASED INFILTRATION INTO
THE TRENCHES AS A RESULT OF THE MUCH GREATER SURFACE AREA THAT MINIMUM TECHNOLOGY TRENCHES WOULD
REQUIRE AT THE MFDS DUE PRIMARILY TO THE RESTRICTIVE SITE GEOLOGY; AND, EPA'S ASSESSMENT THAT NO
APPRECIABLE ADDITIONAL LEVEL OF PROTECTION TO PUBLIC HEALTH OR THE ENVIRONMENT WILL BE GAINED BY



IMPOSING THESE REQUIREMENTS AT THE MFDS.

8.2 CONTAMINANT-SPECIFIC ARARS

CONTAMINANT-SPECIFIC ARARS SET HEALTH OR RISK-BASED CONCENTRATION LIMITS OR RANGES IN VARIOUS
ENVIRONMENTAL MEDIA FOR SPECIFIC HAZARDOUS SUBSTANCES, POLLUTANTS, OR CONTAMINANTS.  EXAMPLES OF
SUCH MEDIA ARE AIR AND WATER.  THESE ARARS SET PROTECTIVE CLEANUP LEVELS FOR THE CONTAMINANTS OF
CONCERN IN THE DESIGNATED MEDIA OR INDICATE AN ACCEPTABLE LEVEL OF DISCHARGE INTO A PARTICULAR
MEDIUM DURING A REMEDIAL ACTIVITY.

KENTUCKY STANDARDS FOR PROTECTION AGAINST RADIATION (ALLOWABLE DOSES IN UNRESTRICTED AREAS) (902
KAR 100:020 AND TABLE II OF 902 KAR 100:025)

SECTIONS 7 AND 8 OF 902 KAR 100:020 AND TABLE II OF 902 KAR 100:025, SECTION 2, PROVIDE GENERAL
AND ISOTOPE-SPECIFIC RADIATION PROTECTION STANDARDS FOR INDIVIDUALS IN UNRESTRICTED AREAS, AND
ARE APPLICABLE REQUIREMENTS FOR THE RADIOISOTOPES AT THE MFDS.  SECTION 7 REQUIRES THAT 
INDIVIDUALS IN UNRESTRICTED AREAS SHOULD NOT RECEIVE A DOSE TO THE WHOLE BODY IN EXCESS OF 500
MREM IN ANY YEAR.  SECTION 8 ESTABLISHES LIMITS, ON AN ISOTOPE-BY-ISOTOPE BASIS, ON THE AMOUNT
OF RADIATION THAT CAN BE RELEASED TO UNRESTRICTED AREAS.  SPECIFICALLY, THE SECTION PROVIDES
THAT RADIOISOTOPIC CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND CANNOT EXCEED THE
LIMITS IN 902 KAR 100:025, TABLE II.

FEDERAL STANDARDS FOR PROTECTION AGAINST RADIATION (ALLOWABLE DOSES IN UNRESTRICTED AREAS) (10
CFR PART 20.105, .106 AND APPENDIX B, TABLE II)

BECAUSE OF KENTUCKY'S AGREEMENT STATE STATUS, ITS RADIATION PROTECTION STANDARDS PROVIDE THE
APPLICABLE REQUIREMENTS FOR PROTECTION AGAINST RADIATION IN UNRESTRICTED AREAS AT THE MFDS.  THE
ANALOGOUS FEDERAL RADIATION PROTECTION STANDARDS FOUND IN 10 CFR PART 20.105, .106, AND  
APPENDIX B, TABLE II ARE RELEVANT AND APPROPRIATE CONTAMINANT-SPECIFIC STANDARDS FOR THE MFDS. 
THE FEDERAL STANDARDS WERE LOWERED IN MAY 1991 SO AS TO LIMIT THE ALLOWABLE DOSE IN UNRESTRICTED
AREAS TO 100 MREM/YEAR AND TO PROVIDE SPECIFIC RADIONUCLIDE CONCENTRATIONS IN APPENDIX B, TABLE  
II.  IN THAT THESE NEW FEDERAL STANDARDS ARE MORE STRINGENT THAN THE KENTUCKY REGULATIONS, THE
FEDERAL STANDARDS SHALL BE THE GOVERNING ARARS FOR ALLOWABLE DOSES IN UNRESTRICTED AREAS.

KENTUCKY SURFACE WATER QUALITY STANDARDS (401 KAR 5:026 - :035)

KENTUCKY'S SURFACE WATER QUALITY STANDARDS, SET OUT IN 401 KAR 5:026 - :035, SET "MINIMUM
CRITERIA APPLICABLE TO ALL SURFACE WATERS".  THESE CRITERIA INCLUDE SPECIFIC LIMITS ON
RADIONUCLIDES.  THESE STANDARDS ARE APPLICABLE CONTAMINANT-SPECIFIC STANDARDS FOR THE SURFACE
WATER STREAMS (I.E., DRIP SPRINGS HOLLOW, NO NAME HOLLOW, AND ROCK LICK CREEK) SURROUNDING THE
MFDS.  IN ADDITION, TO THE EXTENT THAT THE SITE CONTAINS SURFACE WATERS AS DEFINED BY 401 KAR
5:029 SECTION 1(BB), INCLUDING INTERMITTENT STREAMS WITH WELL DEFINED BANKS AND BEDS, THE
SURFACE WATER STANDARDS ARE, LIKEWISE, APPLICABLE CONTAMINANT-SPECIFIC STANDARDS.

AMBIENT WATER QUALITY CRITERIA (SECTION 304(A)(L) OF THE CLEAN WATER ACT).

THE EPA WATER QUALITY CRITERIA FOUND IN SECTION 304(A)(L) OF THE CLEAN WATER ACT ARE RELEVANT
AND APPROPRIATE CRITERIA FOR THE MFDS.  THE EPA CRITERIA FOR PROTECTION OF AQUATIC LIFE FROM
ACUTE OR CHRONIC TOXIC EFFECTS OR THE HUMAN HEALTH CRITERIA FOR CONSUMPTION OF FISH, WHICHEVER  
IS MORE STRINGENT, IS THE RELEVANT AND APPROPRIATE REQUIREMENT FOR THE SURFACE WATERS AT AND
AROUND THE MFDS.

KENTUCKY DRINKING WATER STANDARDS - MAXIMUM CONTAMINANT LEVELS (401 KAR 6:015)



THE KENTUCKY DRINKING WATER STANDARDS ESTABLISH MAXIMUM CONCENTRATION LEVELS FOR A NUMBER OF
INORGANIC, ORGANIC, AND RADIONUCLIDE CONTAMINANTS.  THE MCLS ESTABLISHED IN 401 KAR 6:015 ARE
RELEVANT AND APPROPRIATE REQUIREMENTS FOR THE MFDS.  COMPLIANCE WITH THESE ARARS WILL BE JUDGED
BEGINNING AT THE CONTACT OF THE ALLUVIUM WITH THE HILLSIDE AND ENDING AT THE STREAMS.  FIGURE 16
PROVIDES AN OUTLINE OF ALLUVIAL DEPOSITS WHERE DRINKING WATER STANDARDS WILL BE ENFORCED.

FEDERAL DRINKING WATER REGULATIONS - MAXIMUM CONTAMINANT LEVELS AND MAXIMUM CONTAMINANT LEVEL
GOALS (40 CFR PARTS 141, 142, AND 143)

ON JANUARY 30, 1991, EPA PROMULGATED THE NEW SAFE DRINKING WATER ACT (SDWA) NATIONAL PRIMARY
DRINKING WATER REGULATIONS (PHASE II).  SEE 56 FEDERAL REGISTER 3526 (JANUARY 30, 1991) (TO BE
CODIFIED AT 40 CFR PARTS 141, 142, AND 143).  THE PHASE II NATIONAL PRIMARY DRINKING WATER 
REGULATIONS ESTABLISH MAXIMUM CONTAMINANT LEVEL GOALS (MCLGS) AND MAXIMUM CONTAMINANT LEVELS
(MCLS) FOR 31 CONTAMINANTS, WHICH ARE EFFECTIVE JULY 30, 1992.  A SECOND REGULATION, PROMULGATED
IN JULY 1991, ESTABLISHED MCLGS AND MCLS FOR FIVE ADDITIONAL CONTAMINANTS.  MCLS ARE ENFORCEABLE
STANDARDS THAT APPLY TO SPECIFIED CONTAMINANTS WHICH EPA HAS DETERMINED HAVE AN ADVERSE EFFECT
ON HUMAN HEALTH ABOVE CERTAIN LEVELS. MCLGS ARE NON-ENFORCEABLE HEALTH-BASED GOALS THAT HAVE
BEEN ESTABLISHED AT LEVELS AT WHICH NO KNOWN OR ANTICIPATED ADVERSE HEALTH EFFECTS OCCUR AND
WHICH ALLOW AN ADEQUATE MARGIN OF SAFETY.

UNDER THE NCP, EPA REQUIRES THAT MCLGS SET AT LEVELS ABOVE ZERO (NON-ZERO MCLGS) BE ATTAINED
DURING A CERCLA CLEANUP WHERE THEY ARE RELEVANT AND APPROPRIATE.  WHERE THE MCLG IS EQUAL TO
ZERO, EPA SETS THE CLEANUP LEVEL TO BE THE CORRESPONDING MCL.  THE MCLS AND ALL NON-ZERO MCLGS
ARE RELEVANT AND APPROPRIATE REQUIREMENTS THAT MUST BE ACHIEVED AT THE MFDS BECAUSE GROUND OR
SURFACE WATERS AT THE SITE ARE CURRENT OR POTENTIAL SOURCES OF DRINKING WATER.  THE RECENTLY
ADDED MCLS AND MCLGS WILL SUPPLEMENT THE KENTUCKY MCLS AS RELEVANT AND APPROPRIATE REQUIREMENTS
AT THE MFDS, AND COMPLIANCE WITH THESE ARARS WILL BE JUDGED AT THE CONTACT OF THE ALLUVIUM WITH
THE HILLSIDE AND ENDING AT THE STREAMS.  THESE CRITERIA ARE PRESENTED IN APPENDIX B TO THIS
RECORD OF DECISION.

KENTUCKY HAZARDOUS WASTE MANAGEMENT REGULATIONS (401 KAR CHAPTER 34)

• 401 KAR 34:060 (SECTION 5) - GROUND WATER PROTECTION: SECTION 5 ESTABLISHES MAXIMUM
GROUND WATER CONCENTRATION LIMITS FOR CERTAIN METALS AND ORGANIC COMPOUNDS.  GIVEN   
THE SPECIFIC CHARACTERISTICS OF SITE TOPOGRAPHY AND GEOLOGY, THE FIRST POINT BEYOND
THE WASTE MANAGEMENT AREA BOUNDARY AT WHICH CORRECTIVE ACTION WOULD BE TECHNICALLY   
PRACTICABLE IS AT THE CONTACT OF THE ALLUVIUM WITH THE HILLSLOPES.  GIVEN THE
INSTITUTIONAL CONTROL AND PERPETUAL MAINTENANCE FEATURES OF THE REMEDY TO BE
IMPLEMENTED, THIS IS ALSO THE FIRST POINT AT WHICH THE PUBLIC COULD BE EXPOSED TO
CONTAMINATED GROUND WATER.  COMPLIANCE WITH MAXIMUM GROUND WATER CONCENTRATION
LIMITS WILL, THEREFORE, BE JUDGED AT THE CONTACT OF THE ALLUVIUM WITH THE          
HILLSLOPES.

NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAPS)(40 CFR PART 61, SUBPART H)

THE NESHAPS FOR RADIONUCLIDES IN 40 CFR PART 61, SUBPART H, ESTABLISH AN EFFECTIVE DOSE
EQUIVALENT OF 10 MREM/YEAR FOR DEPARTMENT OF ENERGY FACILITIES.  THIS STANDARD IS RELEVANT AND
APPROPRIATE TO THE MFDS AND COMPLIANCE WITH THIS REQUIREMENT WILL BE JUDGED AT THE CURRENT SITE  
LICENSED PROPERTY BOUNDARY.

KENTUCKY LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE (902 KAR 100:022)

THE 25 MREM/YEAR DOSE LIMIT FOUND IN SECTION 18 OF 902 KAR 100:022 IS A RELEVANT AND APPROPRIATE
REQUIREMENT FOR THE MFDS.  COMPLIANCE WITH THE 25 MREM/YEAR STANDARD WILL BE JUDGED ON THE



COMBINED DOSES CONTRIBUTED BY AIR, WATER, DRINKING WATER AND SOIL PATHWAYS.  THE POINT OF  
COMPLIANCE FOR THIS REQUIREMENT WILL BE THE CURRENT SITE LICENSED PROPERTY BOUNDARY.

FEDERAL LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE (10 CFR PART 61.41)

BECAUSE KENTUCKY IS AN AGREEMENT STATE, ITS RADIATION PROTECTION STANDARDS PROVIDE THE STANDARDS
FOR PROTECTING AGAINST RADIATION IN THE GENERAL ENVIRONMENT.  NEVERTHELESS, THE ANALOGOUS
FEDERAL STANDARD (10 CFR PART 61.41) TO 902 KAR 100:022, SECTION 18 IS RELEVANT AND  
APPROPRIATE.

FEDERAL STANDARDS FOR URANIUM AND THORIUM MILL TAILINGS (40 CFR PART 192)

THE UMTRCA STANDARD FOUND IN 40 CFR PART 192.12(A)(1), WHICH APPLIES TO REMEDIAL ACTIONS AT
INACTIVE URANIUM PROCESSING SITES, LIMITS RADIUM-226 CONCENTRATIONS IN SOIL TO 5 PCI/GRAM IN THE
TOP 15 CENTIMETERS.  RADIUM-226 IS PRESENT AT THE MFDS.  THEREFORE, EPA HAS DETERMINED THAT THE  
REFERENCED UMTRCA STANDARD IS RELEVANT AND APPROPRIATE FOR THE MFDS REMEDIAL ACTION AND IS A
CONTAMINANT-SPECIFIC ARAR FOR SOILS AT THE MAXEY FLATS SITE.

8.3 ARARS WAIVER

CERCLA SECTION 121(D) PROVIDES THAT, UNDER CERTAIN CIRCUMSTANCES, AN ARAR MAY BE WAIVED USING
ONE (OR MORE) OF THE FOLLOWING WAIVERS:

• INTERIM REMEDY WAIVER - THE REMEDIAL ACTION SELECTED IS ONLY A PART OF A TOTAL
REMEDIAL ACTION THAT WILL ATTAIN SUCH A LEVEL OR STANDARD OF CONTROL WHEN COMPLETED. 
(CERCLA 121(D)(4)(A).)

• GREATER RISK TO HEALTH AND THE ENVIRONMENT WAIVER - COMPLIANCE WITH SUCH REQUIREMENT
AT THE FACILITY WILL RESULT IN GREATER RISK TO HUMAN HEALTH AND THE ENVIRONMENT THAN
ALTERNATIVE OPTIONS.  (CERCLA 121(D)(4)(B).)

• TECHNICAL IMPRACTICABILITY WAIVER - COMPLIANCE WITH SUCH REQUIREMENT IS TECHNICALLY
IMPRACTICABLE FROM AN ENGINEERING PERSPECTIVE.  (CERCLA 121(D)(4)(C).)

• EQUIVALENT STANDARD OF PERFORMANCE WAIVER - THE REMEDIAL ACTION SELECTED WILL ATTAIN
A STANDARD OF PERFORMANCE THAT IS EQUIVALENT TO THAT REQUIRED UNDER THE OTHERWISE
APPLICABLE STANDARD, REQUIREMENT, CRITERIA, OR LIMITATION, THROUGH USE OF ANOTHER
METHOD OR APPROACH.  (CERCLA 121(D)(4)(D).)

• INCONSISTENT APPLICATION OF STATE STANDARD WAIVER - WITH RESPECT TO A STATE
STANDARD, REQUIREMENT, CRITERIA, OR LIMITATION, THE STATE HAS NOT CONSISTENTLY
APPLIED (OR DEMONSTRATED THE INTENTION TO CONSISTENTLY APPLY) THE STANDARD,        
REQUIREMENT, CRITERIA, OR LIMITATION IN SIMILAR CIRCUMSTANCES AT OTHER REMEDIAL
ACTIONS.  (CERCLA 121(D)(4)(E).)

• FUND-BALANCING WAIVER - IN THE CASE OF A REMEDIAL ACTION TO BE UNDERTAKEN SOLELY
UNDER SECTION 104 USING THE FUND, SELECTION OF A REMEDIAL ACTION THAT ATTAINS SUCH
LEVEL OR STANDARD OF CONTROL WILL NOT PROVIDE A BALANCE BETWEEN THE NEED FOR     
PROTECTION OF PUBLIC HEALTH AND WELFARE AND THE ENVIRONMENT AT THE FACILITY UNDER
CONSIDERATION, AND THE AVAILABILITY OF AMOUNTS FROM THE FUND TO RESPOND TO OTHER
SITES WHICH PRESENT OR MAY PRESENT A THREAT TO PUBLIC HEALTH OR WELFARE OR THE       
ENVIRONMENT, TAKING INTO CONSIDERATION THE RELATIVE IMMEDIACY OF SUCH THREATS. 
(CERCLA 121(D)(4)(F).)



AT THE MFDS, FIFTEEN TRENCH LEACHATE SAMPLES WERE COLLECTED AND ANALYZED FOR A VARIETY OF
ORGANICS AND INORGANICS DURING THE RI.  ADDITIONALLY, RCRA ANALYSES (PH, SULFIDE SCREEN,
IGNITABILITY SCREEN) WERE PERFORMED ON ALL FIFTEEN SAMPLES.  ALL SAMPLES TESTED NEGATIVE FOR THE
RCRA PARAMETERS ANALYZED.  VERY LOW LEVELS OF ORGANICS WERE DETECTED DURING THE RI (E.G.,
TOLUENE RANGED FROM NOT DETECTED TO 5.3 PARTS PER MILLION, XYLENE RANGED FROM NOT DETECTED TO
4.4 PARTS PER MILLION).  THE ORGANIC AND INORGANIC ANALYSES PERFORMED ON THE TRENCH LEACHATE
INDICATE THAT EXTRACTION PROCEDURE (EP) TOXICITY TESTS AND TOXICITY CHARACTERISTIC LEACHABILITY
PROCEDURE TESTS WOULD BE NEGATIVE FOR THE FIFTEEN SAMPLES. THEREFORE, RCRA CHARACTERISTIC LEVELS
WOULD NOT BE EXPECTED IN THE LEACHATE ONCE IT IS EXTRACTED AND BATCHED DURING RD/RA. 
NONETHELESS, THE DOCUMENTED DISPOSAL OF A LISTED WASTE AT THE MFDS (LIQUID SCINTILLATION VIALS
CONTAINING XYLENE AND TOLUENE), AND THE PRESENCE OF XYLENE AND TOLUENE IN TRENCH LEACHATE,
TRIGGERS RCRA REQUIREMENTS (OR THEIR KENTUCKY COUNTERPARTS) AS APPLICABLE TO THE MFDS.

BASED ON THE VERY LOW LEVELS OF CHEMICAL CONSTITUENTS DETECTED IN TRENCH LEACHATE DURING RI
SAMPLING, IT IS UNLIKELY THAT BATCHED LEACHATE WOULD CONTAIN HAZARDOUS WASTE AT LEVELS ABOVE
THOSE WHICH TRIGGER PROHIBITION OF LAND DISPOSAL UNDER PART 268.  NO FURTHER LEACHATE TESTING
FOR LISTED CONSTITUENTS OR FOR WASTE AT POTENTIALLY CHARACTERISTIC LEVELS IS PLANNED BECAUSE,
BASED ON FACTORS INCLUDING THOSE DISCUSSED BELOW, EPA HAS DETERMINED THAT IT IS APPROPRIATE TO
INVOKE A WAIVER AT THIS TIME.

DURING REMEDIAL ACTION, APPROXIMATELY THREE MILLION GALLONS OF TRENCH LEACHATE WILL BE
EXTRACTED, BATCHED, MIXED WITH SOLIDIFYING AGENTS, AND THEN DISPOSED ON-SITE IN NEW DISPOSAL
UNITS.  THE LEACHATE TO BE SOLIDIFIED INCLUDES CONCENTRATIONS OF TRITIUM AS HIGH, OR HIGHER
THAN, 12,000,000 PCI/MILILITER, STRONTIUM-90 UP TO 2,000 PCI/MILILITER, PLUTONIUM-238 UP TO 320
PCI/MILILITER, AND URANIUM-233/234 UP TO 130 PCI/MILILITER.  THE OBJECTIVE OF THE LEACHATE
SOLIDIFICATION PROGRAM IS TO PRODUCE A SOLID, PHYSICALLY STABLE FORM OF THE LEACHATE, THEREBY  
MINIMIZING THE MOBILITY OF RADIONUCLIDES WITHIN THE NEWLY-CONSTRUCTED TRENCHES.  TREATMENT
PROCESSES INTENDED TO REMOVE THE CHEMICAL PORTION OF THE LEACHATE WILL SIGNIFICANTLY INCREASE
SITE WORKER EXPOSURE TO RADIATION.  IN ADDITION, BY-PRODUCTS FROM TREATMENT PROCESSES WOULD  
REQUIRE FURTHER HANDLING, TREATMENT AND DISPOSAL, THEREBY FURTHER INCREASING WORKER EXPOSURE TO
RADIATION.

RISKS ASSOCIATED WITH THE MFDS ARE PRIMARILY DUE TO POTENTIAL EXPOSURE TO RADIONUCLIDES RATHER
THAN THE VERY LOW CONCENTRATIONS OF CHEMICAL CONSTITUENTS DETECTED AT THE SITE.  HOWEVER,
MEASURES TAKEN TO CONTAIN THE RADIONUCLIDES WITHIN THE SITE (E.G., SOLIDIFICATION AND CAPPING),  
WILL BE EFFECTIVE IN CONTAINING THE CHEMICAL CONSTITUENTS AS WELL. THUS, THE IMPLEMENTATION OF
TREATMENT PROCESSES TO REMOVE THE MINOR FRACTION OF CHEMICAL CONSTITUENTS IS NOT NECESSARY TO
PROTECT HUMAN HEALTH AND THE ENVIRONMENT.

EPA HAS DETERMINED THAT COMPLIANCE WITH 40 CFR PART 268 DURING REMEDIAL ACTION AT THE MFDS WOULD
RESULT IN A GREATER RISK TO HUMAN HEALTH AND THE ENVIRONMENT DUE TO THE VOLUME OF LEACHATE TO BE
TREATED AND NATURE OF THE LEACHATE AND IS HEREBY INVOKING A WAIVER OF THESE REQUIREMENTS.

#SCAA
9.0 SUMMARY OF THE COMPARATIVE ANALYSIS OF ALTERNATIVES.

9.1 EVALUATION CRITERIA

NINE CRITERIA ARE USED TO EVALUATE ALTERNATIVES AT SUPERFUND SITES. THESE NINE CRITERIA ARE
CATEGORIZED INTO THREE GROUPS: THRESHOLD CRITERIA, PRIMARY BALANCING CRITERIA, AND MODIFYING
CRITERIA.  THE THRESHOLD CRITERIA MUST BE SATISFIED IN ORDER FOR AN ALTERNATIVE TO BE ELIGIBLE
FOR SELECTION.  THE PRIMARY BALANCING CRITERIA ARE USED TO WEIGH MAJOR TRADEOFFS AMONG
ALTERNATIVES.  GENERALLY, THE MODIFYING CRITERIA ARE TAKEN INTO ACCOUNT AFTER PUBLIC COMMENT IS
RECEIVED ON THE PROPOSED PLAN.  THE NINE CRITERIA ARE AS FOLLOWS:



THRESHOLD CRITERIA:

• COMPLIANCE WITH ARARS - COMPLIANCE WITH ARARS ADDRESSES WHETHER A REMEDY WILL MEET
ALL OF THE ARARS OF FEDERAL AND STATE ENVIRONMENTAL LAWS AND/OR JUSTIFIES A WAIVER.

• OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT - OVERALL PROTECTION OF HUMAN
HEALTH AND THE ENVIRONMENT ADDRESSES WHETHER A REMEDY PROVIDES ADEQUATE PROTECTION
OF HUMAN HEALTH AND THE ENVIRONMENT AND DESCRIBES HOW RISKS POSED THROUGH EACH
EXPOSURE PATHWAY ARE ELIMINATED, REDUCED, OR CONTROLLED THROUGH TREATMENT,
ENGINEERING CONTROLS, OR INSTITUTIONAL CONTROLS.

PRIMARY BALANCING CRITERIA:

• SHORT-TERM EFFECTIVENESS - SHORT-TERM EFFECTIVENESS ADDRESSES THE PERIOD OF TIME
NEEDED TO ACHIEVE PROTECTION AND ANY ADVERSE IMPACTS ON HUMAN HEALTH AND THE
ENVIRONMENT THAT MAY BE POSED DURING THE CONSTRUCTION AND IMPLEMENTATION PERIOD,
UNTIL REMEDIAL ACTION OBJECTIVES ARE ACHIEVED.

• LONG-TERM EFFECTIVENESS - LONG-TERM EFFECTIVENESS REFERS TO EXPECTED RESIDUAL RISK
AND THE ABILITY OF A REMEDY TO MAINTAIN RELIABLE PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT OVER TIME.

• REDUCTION OF TOXICITY, MOBILITY OR VOLUME - REDUCTION OF TOXICITY, MOBILITY, OR
VOLUME THROUGH TREATMENT IS THE ANTICIPATED PERFORMANCE OF THE TREATMENT
TECHNOLOGIES A REMEDY MAY EMPLOY.

• IMPLEMENTABILITY - IMPLEMENTABILITY IS THE TECHNICAL AND ADMINISTRATIVE FEASIBILITY
OF A REMEDY, INCLUDING THE AVAILABILITY OF MATERIALS AND SERVICES NEEDED TO
IMPLEMENT A PARTICULAR OPTION.

• COST - COST INCLUDES ESTIMATED CAPITAL AND O & M COSTS, ALSO EXPRESSED AS NET
PRESENT-WORTH COSTS.

MODIFYING CRITERIA:

• STATE ACCEPTANCE - STATE ACCEPTANCE INDICATES WHETHER, BASED ON ITS REVIEW OF THE
RI/FS REPORTS AND PROPOSED PLAN, THE STATE CONCURS WITH, OPPOSES, OR HAS NO COMMENT
ON THE PREFERRED ALTERNATIVE.

• COMMUNITY ACCEPTANCE - COMMUNITY ACCEPTANCE SUMMARIZES THE PUBLIC'S GENERAL RESPONSE
TO THE ALTERNATIVES, BASED ON PUBLIC COMMENTS RECEIVED DURING THE PUBLIC COMMENT
PERIOD.

9.2 COMPARATIVE ANALYSIS

COMPLIANCE WITH ARARS

ALL OF THE ALTERNATIVES, WITH THE EXCEPTION OF ALTERNATIVE 1, NO ACTION, COMPLY WITH ALL ARARS
FOR THE MFDS, OR OBTAIN AN ARARS WAIVER AS ALLOWED UNDER CERCLA SECTION 121(D).  SINCE
ALTERNATIVE 1, THE NO ACTION ALTERNATIVE, DOES NOT MEET THE THRESHOLD CRITERIA (DOES NOT ACHIEVE 
ARARS, DOES NOT PROVIDE OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT), ALTERNATIVE 1
WILL NOT BE EVALUATED FURTHER IN THIS COMPARATIVE ANALYSIS.

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT



ALL OF THE REMEDIAL ALTERNATIVES PROVIDE OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT. 
HOWEVER, THE REMEDIAL ALTERNATIVES HAVE VARYING DEGREES OF UNCERTAINTY ASSOCIATED WITH LONG-TERM
STABILITY AND POTENTIAL RELEASE OF CONTAMINANTS.  ALTERNATIVE 5 PROVIDES THE BEST ASSURANCE
THAT, ONCE THE FINAL CAP IS INSTALLED, CAP MAINTENANCE WILL BE AT A MINIMUM.  ADDITIONALLY,
ALTERNATIVE 5 IS THE LEAST LIKELY TO INVOLVE CONTAINER RUPTURE AND SUBSEQUENT CONTAMINANT
RELEASE.

IN THAT WASTES WOULD BE LEFT AT THE SITE ABOVE HEALTH-BASED LEVELS UNDER EACH OF THE
ALTERNATIVES, THE SELECTED REMEDY WILL NECESSARILY UNDERGO AN EPA-CONDUCTED REVIEW EVERY FIVE
YEARS FOLLOWING COMMENCEMENT OF REMEDIAL ACTION.  THE PURPOSE OF THIS REVIEW PROCESS IS TO
ENSURE THAT THE REMEDY PREVENTS WATER INFILTRATION INTO THE TRENCHES, MITIGATES HILLSLOPE
EROSION TO THE EXTENT PRACTICABLE, AND MINIMIZES THE MIGRATION OF SITE CONTAMINANTS. 
MODIFICATIONS TO THE REMEDY WOULD OCCUR THROUGH A RECORD OF DECISION AMENDMENT PROCESS IF IT
WERE DETERMINED DURING A FIVE-YEAR REVIEW, OR AT ANY POINT BETWEEN, THAT THE REMEDY WAS NOT  
PROVIDING OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.

SHORT-TERM EFFECTIVENESS

ALTERNATIVE 5 PROVIDES THE GREATEST SHORT-TERM EFFECTIVENESS OF THE SEVEN ALTERNATIVES EVALUATED
BECAUSE IT ACHIEVES INITIAL CAPPING OF THE TRENCH DISPOSAL AREA EARLIER THAN ANY OTHER
ALTERNATIVE AND WITH LESS EXPOSURE OF SITE WORKERS TO RADIATION.  ALTERNATIVE 8 IS ONLY SLIGHTLY 
LESS EFFECTIVE THAN ALTERNATIVE 5, THE PRINCIPAL DIFFERENCE BEING THE GREATER AMOUNT OF
MATERIALS HANDLING REQUIRED FOR ALTERNATIVE 8.  BOTH OF THESE NATURAL SUBSIDENCE ALTERNATIVES (5
AND 8) PROVIDE GREATER SHORT-TERM EFFECTIVENESS THAN ALTERNATIVES 4, 10 AND 17, WHICH USE  
DYNAMIC COMPACTION TO ACHIEVE STABILIZATION, BECAUSE DYNAMIC COMPACTION HAS A GREATER POTENTIAL
FOR EXPOSING WORKERS TO DIRECT RADIATION. ALTERNATIVES 4, 10 AND 17 ARE ROUGHLY EQUAL WITH
RESPECT TO SHORT-TERM EFFECTIVENESS, BUT 10 PROVIDES A SLIGHTLY GREATER DEGREE OF SHORT-TERM  
EFFECTIVENESS.  THE LACK OF A SYNTHETIC LINER FEATURE OF ALTERNATIVE 17 AND THE STRUCTURAL CAP
COMPONENT OF ALTERNATIVE 4 MAKE THEM LESS EFFECTIVE IN THE SHORT TERM.

ALTERNATIVE 11, GROUTING, IS CLEARLY THE MOST HAZARDOUS TO IMPLEMENT OF THE SIX ALTERNATIVES
AND, THEREFORE, IS THE LEAST EFFECTIVE IN THE SHORT TERM.  INJECTING MORE THAN 21 MILLION
GALLONS OF GROUT INTO LLRW TRENCHES AT HIGH INJECTION RATES AND HIGH PRESSURES WOULD BE FAR MORE
HAZARDOUS THAN ANY OTHER ACTIVITY CONSIDERED FOR REMEDIATION OF THE SITE.

LONG-TERM EFFECTIVENESS

ALTERNATIVE 5 PROVIDES A GREATER DEGREE OF LONG-TERM EFFECTIVENESS OVERALL THAN DO THE DYNAMIC
COMPACTION ALTERNATIVES EVEN THOUGH, DURING THE INTERIM MAINTENANCE PERIOD OF ALTERNATIVE 5, A
MAINTENANCE STAFF WOULD BE REQUIRED TO PERFORM FREQUENT INSPECTIONS AND TO MAKE PROMPT REPAIRS
FOLLOWING SUBSIDENCE.  THIS IS BECAUSE WHEN THE FINAL CAP IS INSTALLED AFTER AN APPROXIMATE 35
TO 100 YEARS, THE AMOUNT OF DATA THAT WOULD BE AVAILABLE FOR ASSESSING STABILITY WOULD LIKELY
PROVIDE MORE CERTAINTY OF STABILITY THAN CAN BE PREDICTED ABOUT THE DYNAMIC COMPACTION
ALTERNATIVES (10 AND 17).  MOREOVER, THE DYNAMIC COMPACTION ALTERNATIVES COULD RESULT IN THE
RELEASE OF ADDITIONAL RADIONUCLIDES DUE TO CONTAINER RUPTURE DURING THE COMPACTION PROCESS,
WHEREAS ALTERNATIVE 5 WOULD ALLOW FOR CONTINUED RADIONUCLIDE DECAY AND CONTAINERIZATION FOR A
LONGER PERIOD OF TIME.  THUS, WHILE INITIAL MAINTENANCE REQUIREMENTS ARE MORE INTENSE FOR
ALTERNATIVE 5, THE DYNAMIC COMPACTION ALTERNATIVES MAY RESULT IN INCREASED MONITORING AND
MAINTENANCE TO ADDRESS THE POTENTIAL INCREASED SOURCE TERM AND LONG-TERM STABILITY.

ALTERNATIVE 10 PROVIDES A SLIGHTLY GREATER DEGREE OF LONG-TERM EFFECTIVENESS THAN ALTERNATIVE 17
BECAUSE ALTERNATIVE 10 HAS THE SYNTHETIC LINER IN THE CAP TO PROVIDE A BACK-UP TO THE CLAY
LAYER.



ALTERNATIVE 11 PROVIDES LESS LONG-TERM EFFECTIVENESS THAN ALTERNATIVE 5. WHILE GROUTING
(ALTERNATIVE 11) WOULD PROVIDE GREATER STABILITY THAN NATURAL STABILIZATION DURING THE EARLY
YEARS, AND POSSIBLY WELL BEYOND THE EARLY YEARS, ULTIMATELY, NATURAL STABILIZATION WOULD PROVIDE
MORE STABILITY.  BECAUSE GROUT USED IN ALTERNATIVE 11 WOULD FILL ONLY THE ACCESSIBLE VOIDS AT
THE TIME OF GROUT INJECTION, AT SOME UNPREDICTABLE TIME, ONE OR MORE TRENCHES MIGHT HAVE A MAJOR
SUBSIDENCE AND PERMIT WATER TO INFILTRATE THE TRENCHES.  BY CONTRAST, ALTERNATIVE 5 WOULD BE  
EASY TO REPAIR, AND THE MAINTENANCE STAFF WOULD LIKELY DISCOVER THE SUBSIDENCE BEFORE WATER
INFILTRATED THE TRENCHES.

ALTERNATIVE 8 WOULD REQUIRE MORE FREQUENT MAINTENANCE THAN ALTERNATIVE 4; HOWEVER, TWO POTENTIAL
MAJOR REPAIR PROBLEMS WITH ALTERNATIVE 4 - CONCRETE CRACKING AND WATER INFILTRATION - RESULT IN
IT PROVIDING A LESSER DEGREE OF LONG-TERM EFFECTIVENESS.

REDUCTION OF TOXICITY, MOBILITY OR VOLUME

BECAUSE RADIOACTIVITY IS AN INTRINSIC PROPERTY OF THE NUCLIDES IN THE TRENCH LEACHATE AND OTHER
MEDIA AT THE SITE, LEACHATE TOXICITY CANNOT BE ALTERED BY TREATMENT.  TIME IS THE PRINCIPAL
MEANS BY WHICH THE TOXICITY OF RADIONUCLIDES IS REDUCED.  TOXICITY IS REDUCED BY DECAY OF THE  
RADIONUCLIDES TO CONCENTRATIONS AT WHICH THEY NO LONGER PRESENT A THREAT TO HUMAN HEALTH AND THE
ENVIRONMENT.  NONE OF THE ALTERNATIVES EVALUATED EMPLOY A TREATMENT TECHNOLOGY AIMED AT
SATISFYING THE REDUCTION OF TOXICITY EVALUATION FACTOR.  HOWEVER, MOBILITY AND VOLUME CAN BE  
ADDRESSED BY TREATMENT; DECREASING MOBILITY HAS A DIRECT IMPACT ON HEALTH AND SAFETY SINCE
DECREASED MOBILITY RESULTS IN LONGER TRAVEL TIMES FOR RADIONUCLIDES AND A DECREASE IN ACTIVITY
RESULTING FROM RADIONUCLIDE DECAY.

REDUCTION OF THE MOBILITY OF SITE RADIONUCLIDES IS ACHIEVED IN VARYING DEGREES BY EACH OF THE
ALTERNATIVES EVALUATED.  ALL REMEDIAL ALTERNATIVES INVOLVE THE EXTRACTION, SOLIDIFICATION AND
ON-SITE DISPOSAL OF SOLIDIFIED TRENCH LEACHATE. THE SOLIDIFICATION OF RADIOACTIVELY CONTAMINATED
WATER DOES NOT DESTROY OR ALTER THE RADIOACTIVITY, BUT CHANGES ITS FORM TO A PHYSICALLY STABLE
MASS WHICH BINDS THE RADIONUCLIDES SO THAT THEY ARE FAR LESS MOBILE THAN THEY WERE IN THEIR  
LIQUID FORM.  APPROXIMATELY THREE MILLION GALLONS OF TRENCH LEACHATE WILL BE SOLIDIFIED AND
DISPOSED; THUS, A SIGNIFICANT REDUCTION OF THE MOBILITY OF TRENCH LEACHATE WOULD BE ACCOMPLISHED
BY EACH OF THE ALTERNATIVES.  HOWEVER, OTHER FACTORS, AS DISCUSSED BELOW, RESULT IN SOME
ALTERNATIVES BEING MORE ACCEPTABLE THAN OTHERS IN TERMS OF MOBILITY.

OTHER THAN EXHUMATION AND OFF-SITE DISPOSAL OF THE CONTAMINATED MEDIA AT THE SITE, A SIGNIFICANT
REDUCTION IN VOLUME AT THE MFDS IS NOT CURRENTLY ATTAINABLE.  EXHUMATION AND OFF-SITE DISPOSAL,
WHILE PHYSICALLY POSSIBLE TO PERFORM, WOULD RESULT IN UNACCEPTABLY HIGH DOSES TO SITE WORKERS  
INVOLVED IN EXCAVATION OF THE SOLID WASTES IN THE TRENCHES. ADDITIONALLY, DUE TO THE ACTIVITY OF
SOME OF THE WASTE PRESENT AT THE SITE, AND THE VOLUME OF WASTE INVOLVED, NO PRESENT-DAY
COMMERCIAL LOW-LEVEL WASTE FACILITY WOULD LIKELY ACCEPT THE WASTE.  FURTHERMORE, EXHUMATION
WOULD NOT MEET 902 KAR 100:015 WHICH, AS AN APPLICABLE ACTION-SPECIFIC REQUIREMENT FOR THE MFDS. 
902 KAR 100:015 REQUIRES EXPOSURES TO BE KEPT TO AS LOW AS REASONABLY ACHIEVABLE.

THE FOLLOWING FACTORS WERE USED TO EVALUATE THE ALTERNATIVES AGAINST THE REDUCTION OF TOXICITY,
MOBILITY OR VOLUME CRITERIA: RELEASE OF TRENCH CONTAMINANTS DUE TO WASTE CONTAINER RUPTURE, THE
ABILITY OF AN ALTERNATIVE TO PREVENT INFILTRATION OF WATER AND SUBSEQUENT GENERATION OF NEW
LEACHATE, AND THE GENERATION OF CONTAMINATED MATERIAL (INCREASE IN THE VOLUME OF WASTE). 
ALTERNATIVES 5 AND 8 ARE THE SUPERIOR ALTERNATIVES IN TERMS OF REDUCING MOBILITY AND VOLUME FOR
SEVERAL REASONS.  FIRST, THEY DO NOT INVOLVE THE FORCED CONSOLIDATION OF TRENCH WASTE;
THEREFORE, THE POTENTIAL FOR RELEASE OF RADIONUCLIDES IS NOT AS GREAT AS THE DYNAMIC COMPACTION
ALTERNATIVES (4, 10 AND 17).  SECOND, ALTERNATIVES 5 AND 8 ARE SUPERIOR TO THE GROUTING
ALTERNATIVE (11) BECAUSE THEY DO NOT GENERATE WASTE GROUT RESULTING FROM GROUT SETUP PRIOR TO
INJECTION OR GROUT BREAK-THROUGH, WHICH MUST THEN BE DISPOSED OF ON-SITE.



ALTERNATIVE 11 IS MORE EFFECTIVE THAN ALTERNATIVES 4, 10 AND 17 BECAUSE THE GROUT WOULD SOLIDIFY
AND MAY FIXATE THE CONTAMINANTS AND WOULD RESULT IN A MORE PREDICTABLE TRENCH CHEMISTRY. 
ALTERNATIVES 10 AND 17, WHICH UTILIZE DYNAMIC COMPACTION, RESULT IN A MORE COMPLEX TRENCH  
CHEMISTRY WITH A LESS THAN PREDICTABLE IMPACT ON THE ENVIRONMENT. ALTERNATIVE 4 IS LESS
EFFECTIVE THAN ALTERNATIVES 10 AND 17 BECAUSE IT WOULD BE MORE DIFFICULT TO KEEP WATER OUT OF
THE TRENCHES AND TO PREVENT CONTAMINATION OR CONSTRUCTION RUNOFF WATER WHEN INSTALLING THE  
STRUCTURAL CAP.

IMPLEMENTABILITY

ALTERNATIVE 5 WOULD BE THE EASIEST TO IMPLEMENT BECAUSE IT WOULD BE A CONTINUATION OF THE
PRESENT OPERATION BUT WITH IMPROVEMENTS. ALTERNATIVE 8 WOULD BE MORE DIFFICULT THAN ALTERNATIVE
5 BECAUSE OF THE PROBLEMS ASSOCIATED WITH REPAIR OF THE FINAL CAP OVER THE PERIOD OF TRENCH
SUBSIDENCE.  BOTH ALTERNATIVES 5 AND 8 WOULD BE EASIER TO IMPLEMENT THAN THE ALTERNATIVES
INVOLVING GROUTING, DYNAMIC COMPACTION, OR STRUCTURAL CONCRETE, ALL OF WHICH ARE MORE
COMPLICATED TECHNOLOGIES. THE DYNAMIC COMPACTION ALTERNATIVES (4, 10 AND 17) WOULD BE MORE
EASILY IMPLEMENTED THAN THE GROUTING ALTERNATIVE (11).  NEVERTHELESS, DYNAMIC COMPACTION WOULD
REQUIRE PILOT SCALE DEMONSTRATIONS OF THE SUITABILITY OF THIS TECHNOLOGY TO THE MFDS.

ALTERNATIVE 11 IS THE LEAST IMPLEMENTABLE OF THE ALTERNATIVES EVALUATED AT THE MFDS.  HIGH
PRODUCTION GROUTING (LARGE VOLUMES, HIGH INJECTION RATES, HIGH PRESSURES), ALTHOUGH TECHNICALLY
FEASIBLE, HAS EXPERIENCED DIFFICULTIES AT OTHER SIMILAR SITES.  ADDITIONALLY, THE SCALE TO WHICH 
IT WOULD BE EMPLOYED AT THE MFDS IS MUCH GREATER THAN OTHER SITES WHERE IT HAS BEEN APPLIED. 
SIGNIFICANT DIFFICULTIES COULD BE EXPECTED DURING ATTEMPTS TO DRIVE INJECTION LANCES INTO THE
TRENCHES.  GROUTING WOULD REQUIRE ADDITIONAL RESEARCH AND TESTING AT THE MFDS DUE TO THE  
COMPLEXITIES ASSOCIATED WITH GROUTING IN TRENCHES.

COST

THE PRESENT WORTH TOTAL COST OF ALTERNATIVE 5 DEPENDS ON THE PERIOD ASSUMED FOR INTERIM
MAINTENANCE AND IS A MAXIMUM WHEN THE INTERIM MAINTENANCE PERIOD EQUALS ZERO YEARS. 
NEVERTHELESS, COMPARING THE MAXIMUM PRESENT WORTH TOTAL COSTS OF ALTERNATIVE 5 WITH THOSE OF
OTHER ALTERNATIVES SHOWS THAT ALTERNATIVE 5 HAS THE LOWEST PRESENT WORTH TOTAL COST OF ANY
ALTERNATIVE REGARDLESS OF THE LENGTH OF THE INTERIM MAINTENANCE PERIOD.  FIGURE 16 ILLUSTRATES
THE DIFFERENCES IN TOTAL PRESENT WORTH FOR FOUR ASSUMED DISCOUNT RATES OVER THE PROJECTED  
SUBSIDENCE PERIOD.

TABLE 32 PROVIDES A COST BREAKDOWN FOR ALTERNATIVE 5 AND PROVIDES COST ESTIMATES FOR ALTERNATIVE
5 USING FOUR DIFFERENT DISCOUNT RATES, 4 PERCENT, 5 PERCENT, 7 PERCENT, AND 10 PERCENT.  THE $
33,500,000 COST ESTIMATE FOR ALTERNATIVE 5 IS BASED UPON A 4 PERCENT DISCOUNT RATE, WHICH IS THE
MOST CONSERVATIVE RATE OF THE FOUR RATES USED IN THE FEASIBILITY STUDY.  A 4 PERCENT DISCOUNT
RATE WAS USED TO COMPARE ALTERNATIVES.  THE ACTUAL DISCOUNT WHICH WILL BE USED TO ESTABLISH THE  
MFDS TRUST FUND HAS YET TO BE DETERMINED.

FURTHERMORE, THE COST ESTIMATE FOR ALTERNATIVE 5 ASSUMES A 10 PERCENT CONTINGENCY AND
INSTALLATION OF A NORTH CUTOFF WALL.  THE ACTUAL CONTINGENCY FACTOR EMPLOYED IN THE
ESTABLISHMENT OF THE MFDS TRUST FUND MAY BE HIGHER THAN 10 PERCENT.  THE NECESSITY OF A
HORIZONTAL FLOW BARRIER AND TYPE OF HORIZONTAL FLOW BARRIER (I.E., NORTH CUTOFF WALL, LATERAL
DRAIN/CUTOFF WALL, ETC.) WILL BE DETERMINED DURING THE INTERIM MAINTENANCE PERIOD; THEREFORE,
THE COST ESTIMATE FOR ALTERNATIVE 5 IS SUBJECT TO CHANGE.

STATE ACCEPTANCE

THE COMMONWEALTH GENERALLY ENDORSES THE SELECTION OF ALTERNATIVE 5 (NATURAL STABILIZATION) AS



THE REMEDY FOR THE MAXEY FLATS DISPOSAL SITE. THE COMMONWEALTH CONSIDERS TRENCH COVER REPAIR AND
A HORIZONTAL FLOW BARRIER, IF NEEDED, TO BE INTEGRAL FEATURES OF THE REMEDY CHOSEN FOR THE  
SITE.  THE COMMONWEALTH REJECTS THE USE OF ALTERNATIVE 10 AND 17 (DYNAMIC COMPACTION) FOR EITHER
A SITE DEMONSTRATION OR FOR TOTAL SITE REMEDIATION DUE TO POTENTIAL RELEASE OF CONTAMINANTS INTO
THE ENVIRONMENT AND UNCERTAINTIES REGARDING DYNAMIC COMPACTION'S EFFECT ON THE UNDERLYING
GEOLOGIC STRATA.  THE COMMONWEALTH ALSO REJECTS THE USE OF GROUTING (ALTERNATIVE 11) FOR
IMPLEMENTATION AT THE MFDS DUE TO POTENTIAL UNACCEPTABLE RELEASES TO THE ENVIRONMENT,
IMPLEMENTABILITY PROBLEMS, AND REQUIRED DEMONSTRATION OF THIS TECHNOLOGY PRIOR TO  
IMPLEMENTATION.

COMMUNITY ACCEPTANCE

VERBAL COMMENTS RECEIVED AT THE PROPOSED PLAN PUBLIC MEETING, HELD ON JUNE 13, 1991 IN
WALLINGFORD, KENTUCKY, AND ON COMMENTS SUBMITTED TO EPA DURING THE PUBLIC COMMENT PERIOD ON THE
PROPOSED PLAN, INDICATE THAT THE COMMUNITY FAVORS ALTERNATIVE 5, NATURAL STABILIZATION, OVER THE
OTHER ALTERNATIVES CONSIDERED.  HOWEVER, THE COMMUNITY URGED INCLUSION OF A NUMBER OF FEATURES
IN THE RECORD OF DECISION AND RD/RA CONSENT DECREE. THE COMMUNITY'S COMMENTS AND SUGGESTIONS, AS
WELL AS EPA RESPONSES, CAN BE FOUND IN THE RESPONSIVENESS SUMMARY SECTION OF THIS RECORD OF 
DECISION.

THE COMMUNITY OPPOSES THE DYNAMIC COPACTION ALTERNATIVE (ALTERNATIVES 4, 10 AND 17) FOR THE
MFDS, PRIMARILY BECAUSE OF CONCERNS OVER ACCELERATED RELEASE OF CONTAMINANTS TO THE ENVIRONMENT
DURING THE COMPACTION PROCESS.  THE COMMUNITY DOES NOT FAVOR THE GROUTING ALTERNATIVE DUE TO  
CONCERN OVER POTENTIAL CONTAMINANT RELEASE FROM INTACT CONTAINERS DURING THE GROUT INJECTION
PROCESS AND UNCERTAINTIES OVER THE ABILITY OF GROUT TO ADEQUATELY FILL VOID SPACES WITHIN THE
TRENCHES.

9.3 CONCLUSIONS OF THE COMPARATIVE ANALYSIS SUMMARY

OF THE NINE CRITERIA DESCRIBED ABOVE, THE DIFFERENCES BETWEEN THE SIX REMEDIAL ALTERNATIVES
EVALUATED ARE NOT GREAT, EXCEPT WITH RESPECT TO THE FOLLOWING FOUR CRITERIA: 1)
IMPLEMENTABILITY; 2) REDUCTION OF TOXICITY, MOBILITY OR VOLUME; 3) STATE ACCEPTANCE, AND 4)
COMMUNITY ACCEPTANCE.  ALL REMEDIAL ALTERNATIVES PROVIDE FOR ROUGHLY THE SAME DEGREE OF
LONG-TERM AND SHORT-TERM EFFECTIVENESS.  ALL REMEDIAL ALTERNATIVES PROVIDE FOR OVERALL
PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT AND ALL ACHIEVE ARARS.  ALTHOUGH COST ESTIMATES
DIFFER AMONGST THE REMEDIAL ALTERNATIVES, NONE DIFFER BY MORE THAN AN ORDER OF MAGNITUDE.

THEREFORE, IMPLEMENTABILITY, REDUCTION OF TOXICITY, MOBILITY OR VOLUME, STATE ACCEPTANCE, AND
COMMUNITY ACCEPTANCE WEIGHED HEAVILY IN FAVOR OF SELECTION OF ALTERNATIVE 5.  ALTERNATIVE 5 IS
THE LEAST DIFFICULT REMEDY TO IMPLEMENT, UTILIZING PROVEN AND RELIABLE TECHNOLOGIES TO ACHIEVE  
FINAL REMEDIATION, WHILE NOT REQUIRING TIME-CONSUMING RESEARCH AND DEVELOPMENT PRIOR TO
IMPLEMENTATION.  IT IS LESS LIKELY TO RESULT IN CONTAINER RUPTURE AND, THEREFORE, BENEFITS FROM
THE ADDED PROTECTION OF CONTAINERS WITHIN THE TRENCHES.  BOTH THE STATE AND COMMUNITY FAVOR THE  
NATURAL STABILIZATION TECHNOLOGY.

10.0 THE SELECTED REMEDY

BASED UPON CONSIDERATION OF THE REQUIREMENTS OF CERCLA, THE DETAILED ANALYSIS OF THE
ALTERNATIVES, AND PUBLIC COMMENTS, EPA HAS DETERMINED, AND THE COMMONWEALTH AGREES, THAT
ALTERNATIVE 5, NATURAL STABILIZATION, IS THE MOST APPROPRIATE REMEDY FOR THE MAXEY FLATS
DISPOSAL SITE.

THE NATURAL STABILIZATION PROCESS AT MAXEY FLATS WILL ALLOW THE MATERIALS TO SUBSIDE NATURALLY
TO A STABLE CONDITION PRIOR TO INSTALLATION OF A FINAL ENGINEERED CAP.  IT IS NOT KNOWN HOW LONG



IT WILL TAKE FOR WASTE TRENCHES TO STABILIZE BECAUSE OF THE MANY PHYSICAL AND CHEMICAL VARIABLES
INVOLVED AND THE LIMITED TRENCH-SPECIFIC INFORMATION UPON WHICH PREDICTIONS ARE BASED.  HOWEVER,
IT HAS BEEN ESTIMATED THAT THIS STABILIZATION PROCESS COULD POTENTIALLY TAKE 100 YEARS BEFORE
THE FINAL CAP IS PLACED.

STABILIZATION OF THE TRENCHES BY NATURAL SUBSIDENCE OVER A RELATIVELY LONG TIME PERIOD WILL
VIRTUALLY ELIMINATE THE POTENTIAL PROBLEM OF FUTURE SUBSIDENCE EXPECTED WITH OTHER ALTERNATIVES
IN WHICH THE TRENCHES WOULD BE STABILIZED BY MECHANICAL MEANS AND A FINAL CAP INSTALLED WITHIN  
A FEW YEARS.  THEREFORE, THE NATURAL STABILIZATION ALTERNATIVE WILL REDUCE THE REDUNDANCY OF
EFFORTS NECESSARY TO CONSTRUCT AND MAINTAIN THE FINAL CAP.  NATURAL STABILIZATION DOES NOT
DISRUPT INTACT METAL CONTAINERS SUCH AS 55-GALLON DRUMS AND, THEREFORE, PROVIDES AN EXTRA  
MEASURE OF PROTECTION TO PREVENT MOVEMENT OF RADIONUCLIDES TO THE HILLSIDES.  THE OTHER
ALTERNATIVES HAVE THE POTENTIAL OF RUPTURING INTACT CONTAINERS, THEREBY RELEASING RADIOACTIVE
MATERIAL IMMEDIATELY TO THE TRENCHES.  ADDITIONAL BENEFITS OF THE NATURAL STABILIZATION
ALTERNATIVE WILL BE THE OPPORTUNITY FOR CONTINUED DATA COLLECTION AND ANALYSES AND THE ABILITY
TO TAKE ADVANTAGE OF TECHNOLOGICAL ADVANCES DURING THE SUBSIDENCE PERIOD.

ALTERNATIVE 5 CAN BE DIVIDED INTO THE FOLLOWING FOUR PHASES WHICH TOGETHER COMPRISE THE CERCLA
REMEDIAL ACTION FOR THE MFDS:

• INITIAL CLOSURE PERIOD (22 MONTHS)
• INTERIM MAINTENANCE PERIOD (35 - 100 YEARS)
• FINAL CLOSURE PERIOD (10 MONTHS)
• CUSTODIAL MAINTENANCE PERIOD (IN PERPETUITY)

10.1 INITIAL CLOSURE PERIOD

THE INITIAL CLOSURE PERIOD WILL CONSIST OF THE DESIGN AND IMPLEMENTATION OF REMEDIAL ACTIVITIES
APPROPRIATE TO THE EARLY STAGES OF SITE REMEDIATION.  AN INTERIM SITE MANAGEMENT PLAN WILL ALSO
BE DEVELOPED TO DEFINE THE MAINTENANCE AND MONITORING TASKS TO BE CONDUCTED DURING THE 
SUBSEQUENT INTERIM MAINTENANCE PERIOD.

THE FOLLOWING REMEDIAL ACTIVITIES WILL BE PERFORMED DURING THE INITIAL CLOSURE PERIOD:

• BASELINE TOPOGRAPHIC SURVEYS
• GEOPHYSICAL SURVEYS
• GROUND WATER MONITORING
• GROUND WATER MODELING
• TRENCH LEACHATE EXTRACTION AND SOLIDIFICATION
• DISPOSAL OF SOLIDIFIED LEACHATE INTO NEW TRENCHES ON-SITE
• DEMOLITION OF EXISTING BUILDINGS AND STRUCTURES WITH ON-SITE DISPOSAL
• INSTALLATION OF AN INITIAL CAP
• GRADING AND RECONTOURING OF THE INITIAL CAP TO ENHANCE SURFACE WATER FLOW
• IMPROVEMENTS TO SITE DRAINAGE
• INSTALLATION OF SUBSIDENCE MONITORS
• CLOSURE OF SELECTED, POORLY DESIGNED, HISTORICAL WELLS
• MONITORING, MAINTENANCE, AND SURVEILLANCE
• PROCUREMENT OF A BUFFER ZONE CONTIGUOUS TO THE EXISTING SITE PROPERTY
• POSTING AND REPAIRING OF SIGNS AND FENCES, ROAD MAINTENANCE
• DEVELOPMENT OF THE INTERIM SITE MANAGEMENT PLAN

BASELINE TOPOGRAPHIC AND GEOPHYSICAL SURVEYS WILL BE CONDUCTED PRIOR TO DESIGN OF THE INITIAL
CAP.  TOPOGRAPHIC SURVEYS WILL BE PERFORMED PRIOR TO INSTALLATION OF THE INITIAL CAP AND
FOLLOWING CONSTRUCTION OF THE CAP TO BE USED AS A BASELINE SURVEY FOR SUBSIDENCE MONITORING.  A 



GEOPHYSICAL SURVEY WILL ENHANCE THE DEFINITION OF TRENCH BOUNDARIES TO ENSURE THAT THE INITIAL
CAP WILL ADEQUATELY COVER THE TRENCHES.

HISTORICAL SITE MONITORING DATA, THE COMMONWEALTH'S SITE DATABASE, AND GROUND WATER MODELS WILL
BE USED TO DETERMINE THE APPROPRIATE AREAL EXTENT OF THE INITIAL CAP, TO EVALUATE THE NEED FOR A
HORIZONTAL GROUND WATER FLOW BARRIER, AND TO DEVELOP AN EFFECTIVE GROUND WATER MONITORING PLAN
FOR THE INTERIM MAINTENANCE AND CUSTODIAL MAINTENANCE PERIODS.  THE GROUND WATER MONITORING
PROGRAM WILL INVOLVE INSTALLATION OF NEW MONITORING WELLS, AS APPROPRIATE, IN THE ALLUVIUM OF
THE SURROUNDING STREAM VALLEYS, AND IN OTHER AREAS AS REQUIRED, TO ENSURE COMPLIANCE WITH
DRINKING WATER STANDARDS AND TO ACHIEVE RCRA MONITORING REQUIREMENTS.

TRENCHES WILL BE DEWATERED TO HELP PREVENT THE MIGRATION OF CONTAMINANTS BY GROUND WATER FLOW. 
A TRENCH DEWATERING TEST PROGRAM WILL BE CONDUCTED EITHER DURING THE DESIGN PHASE OR DURING
INITIAL REMEDIAL ACTIVITIES TO PROVIDE INFORMATION ON THE MOST EFFECTIVE DESIGN OF THE 
DEWATERING PROGRAM, TO DETERMINE THE NEED FOR NEW SUMPS, AND TO PROVIDE AN ESTIMATE OF THE
DURATION OF THE DEWATERING PROGRAM.

LEACHATE PUMPED FROM THE TRENCHES WILL BE EXTRACTED SIMULTANEOUSLY FROM MULTIPLE TRENCHES AND
BATCHED PRIOR TO SOLIDIFICATION.  ADDITIONAL SUMPS WILL BE ADDED IN SELECT TRENCHES WITH
SIGNIFICANT QUANTITIES OF LEACHATE IN ORDER TO FACILITATE THE DEWATERING OF TRENCHES.  TRENCH
DEWATERING IS THE MOST TIME-CONSUMING COMPONENT OF THE INITIAL CLOSURE PERIOD.  A MINIMUM OF
NINE MONTHS WILL BE REQUIRED TO DEWATER THE TRENCHES.

ONCE BATCHED, THE LEACHATE WILL UNDERGO TESTING FOR NRC CLASSIFICATION PURPOSES.  ONCE
CLASSIFIED, THE LEACHATE WILL BE SOLIDIFIED USING AN NRC-APPROVED MIX.  THE WASTE FORM WILL
LIKELY BE IN BLOCK FORM, PROVIDED AN ACCEPTABLE LEACHABILITY INDEX AND CUMULATIVE FRACTION
LEACHED CAN BE ACHIEVED.  HOWEVER, HIGH ACTIVITY LEACHATE WILL BE REQUIRED TO BE PLACED IN A
PRIMARY CONTAINER AND SOLIDIFIED.  THE SOLIDIFIED LEACHATE WILL ALSO BE DESIGNED TO ACHIEVE A
SUFFICIENT MINIMUM COMPRESSIVE STRENGTH. THE OBJECTIVES OF THE LEACHATE SOLIDIFICATION WILL BE
TO PRODUCE A SOLID, PHYSICALLY STABLE FORM OF THE LEACHATE, THEREBY MINIMIZING THE MOBILITY OF
THE CONTAMINATION WITHIN THE TRENCHES.  DURING THE LEACHATE SOLIDIFICATION OPERATIONS, EXTERNAL
EXPOSURE TO IONIZING RADIATION WILL BE KEPT AS LOW AS REASONABLY ACHIEVABLE BY USING ENGINEERING
SAFEGUARDS, SUCH AS SHIELDING, AND ADMINISTRATIVE SAFEGUARDS SUCH AS DETAILED HEALTH AND SAFETY
PROCEDURES FOR ALL OPERATIONS.  INTERNAL EXPOSURE TO RADIOACTIVITY SHOULD BE INSIGNIFICANT,
SINCE THE SYSTEMS THAT HANDLE RADIOACTIVITY WOULD BE DESIGNED TO MINIMIZE LEAKAGE.

THE SOLIDIFIED LEACHATE WILL THEN BE PLACED INTO NEW DISPOSAL TRENCHES ON-SITE AND WITHIN (OR IN
CLOSE PROXIMITY TO) THE CURRENT RESTRICTED AREA.  GROUT WILL BE USED IN THE NEWLY CONSTRUCTED
TRENCHES TO FILL THE VOID SPACES BETWEEN THE SOLIDIFICATION FORMS, IN EFFECT, CREATING A  
MONOLITH WITHIN THE TRENCH.  EACH NEW DISPOSAL TRENCH WILL, AT A MINIMUM, INCLUDE A SUMP AND A
SYNTHETIC LINER (UNLESS IT IS LATER DETERMINED BY EPA AND THE COMMONWEALTH THAT USE OF A LINER
IS INAPPROPRIATE).

NON-FUNCTIONAL AND UNSTABLE BUILDINGS AND STRUCTURES WILL BE DISMANTLED, DECOMMISSIONED AND
BURIED IN A TRENCH ON-SITE DURING THE INITIAL CLOSURE PERIOD.  SUCH BUILDINGS AND STRUCTURES
WILL PROBABLY INCLUDE: THE STORAGE BUILDING, EVAPORATOR BUILDING, GARAGE BUILDING, RADIOLOGICAL  
CONTROL BUILDING, THE SEWAGE TREATMENT PLANT, AND TANK FARM BUILDINGS. THOSE BUILDINGS NECESSARY
TO THE MANAGEMENT AND MAINTENANCE OF THE SITE WILL BE MOVED TO A NEW LOCATION THAT WILL NOT
IMPEDE REMEDIAL ACTIVITIES.  FIGURE 18 IS A TYPICAL CONSTRUCTION PLANNING DRAWING THAT MAY BE
EMPLOYED DURING THE INITIAL CLOSURE PERIOD.

AN INITIAL CAP, CONSISTING OF A SOIL LAYER OF COMPACTED CLAY (AVERAGING 21 INCHES THICK) AND
COVERED WITH A SYNTHETIC LINER, WILL BE INSTALLED TOWARD THE END OF THE INITIAL CLOSURE PERIOD. 
SOIL WILL BE ADDED TO THE SITE AND GRADED AND COMPACTED IN PREPARATION FOR THE INSTALLATION OF



THE SYNTHETIC COVER OVER THE TRENCH DISPOSAL AREA.  CONCEPTUAL CROSS-SECTIONS OF BOTH THE
INITIAL CAP AND THE FINAL CAP ARE PRESENTED IN FIGURE 19.  THE AREAL EXTENT OF THE INTERIM COVER
WILL BE BASED UPON GEOPHYSICAL SURVEYS, GROUND WATER MODELLING AND OTHER PARAMETERS EVALUATED
DURING DESIGN.  IT HAS BEEN ESTIMATED THAT THE INTERIM CAP WILL COVER APPROXIMATELY 40 TO 50
ACRES.  FUGITIVE DUST PROBLEMS DURING EARTH-MOVING OPERATIONS WILL BE CONTROLLED BY USING WATER
OR OTHER DUST SUPPRESSANTS.  KENTUCKY SOIL AND WATER CONSERVATION REQUIREMENTS FOR CONTROLLING
SOIL EROSION WILL BE MET BY DESIGNING AND LOCATING TECHNOLOGIES AND ACTIVITIES TO MINIMIZE
POTENTIAL EROSION.

THE SURFACE WILL BE GRADED TO DESIGN SPECIFICATIONS TO ALLOW FOR ADEQUATE DRAINAGE AND TO
MINIMIZE SURFACE WATER VELOCITIES AND CONSEQUENT EROSION.  LINED DRAINAGE DITCHES WILL BE
INCORPORATED IN THE TRENCH CAP TO CHANNEL THE SURFACE WATER RUNOFF TO THE THREE EXISTING 
DISCHARGE BASINS LOCATED ALONG THE PERIPHERY OF THE TRENCH DISPOSAL AREA.  IMPROVEMENTS WILL
ALSO BE MADE TO THE EXISTING SITE DRAINAGE CHANNELS ON THE HILLSLOPES.  THESE EROSION PROTECTION
MEASURES COULD INCLUDE, BUT WILL NOT NECESSARILY BE LIMITED TO, STABILIZATION OF THE DRAINAGE
CHANNELS WHERE NECESSARY BY SUCH MEASURES AS ROCK RIP-RAP OR GABIONS TO REDUCE THE VELOCITY OF
FLOW.  ADDITIONAL DRAINAGE CHANNELS IN THE VICINITY OF THE SITE MAY BE ADDED IF FOUND TO BE
NECESSARY TO CONTROL, AND MORE EQUITABLY DISTRIBUTE, THE ANTICIPATED INCREASED RATES OF SURFACE
WATER RUNOFF.  BECAUSE OF THE HIGH PEAK DISCHARGE VOLUMES RESULTING FROM THE INITIAL CAP, THE
CAPACITY OF THE RETENTION PONDS WILL BE INCREASED TO IMPROVE CONTROL OF STORMWATER RUNOFF. 
APPROVAL OF THE INITIAL CAP DESIGN WILL BE CONTINGENT UPON THE ABILITY OF THE SURFACE WATER
CONTROLS TO ADEQUATELY MAINTAIN RATES OF SURFACE WATER RUNOFF THROUGHOUT THE ANTICIPATED
DURATION OF THE INTERIM MAINTENANCE PERIOD.

SUBSIDENCE MONITORS WILL BE INSTALLED ON THE INITIAL CAP AND ON NATURAL SOILS IN THE VICINITY OF
THE RESTRICTED AREA AS A METHOD OF DETERMINING WHEN THE TRENCHES HAVE STABILIZED TO AN
ACCEPTABLE DEGREE AND FINAL CAP INSTALLATION CAN BEGIN.

A LIMITED NUMBER OF EXISTING, POORLY DESIGNED, WELLS (I.E., E-WELLS) COULD POTENTIALLY ALLOW
CONTAMINANTS IN GROUND WATER TO MIGRATE DOWNWARD INTO THE LOWER GEOLOGIC UNITS AND WILL,
THEREFORE, BE DECOMMISSIONED AND SEALED.  EXISTING SUMPS AND WELLS (I.E., UE, UF, UG, UK, ETC.)
THAT ARE DEEMED BENEFICIAL TO THE LEACHATE EXTRACTION PROCESS, AS WELL AS THOSE NECESSARY FOR
TRENCH MONITORING, WILL NOT BE DECOMMISSIONED.

WATER MONITORING EQUIPMENT, AS PART OF AN INFILTRATION MONITORING SYSTEM, WILL BE INSTALLED IN
TRENCHES, UNDER THE CAP AND WITHIN WELLS, TO DETECT POTENTIAL ACCUMULATION OF LEACHATE IN
TRENCHES.  VIBRATING WIRE PIEZOMETERS, SUCH AS THE ONE ILLUSTRATED IN FIGURE 20, WILL BE 
INSTALLED IN RISER PIPES AFTER CONSTRUCTION OF THE INITIAL CAP.  RISER PIPES WILL BE INSTALLED
DURING CAP CONSTRUCTION AND WILL BE USED TO EXTEND THE MONITORING WELLS THROUGH THE CAP.  WATER
LEVEL DATA FROM THE TRENCHES AND WELLS WILL BE COLLECTED BY DATA LOGGING EQUIPMENT LOCATED AT
THE SITE.  THIS DATA, IN CONJUNCTION WITH OTHER INFORMATION, WILL BE USED TO ASSESS THE DEGREE
TO WHICH INFILTRATION IS OCCURRING, IF ANY.

THE MONITORING PROGRAM DEVELOPED FOR THE MFDS WILL, AT A MINIMUM, INCLUDE THE FOLLOWING
OBJECTIVES:

• DEMONSTRATION OF COMPLIANCE WITH THE APPLICABLE OR RELEVANT AND APPROPRIATE
REGULATIONS, ENVIRONMENTAL STANDARDS, AND OTHER OPERATIONAL LIMITS.

• ASSESSMENT OF THE ACTUAL OR POTENTIAL EXPOSURE OF MAN TO RADIOACTIVE MATERIALS OR
CHEMICAL CONSTITUENTS IN THE ENVIRONMENT.

• DETECTION OF ANY POSSIBLE LONG-TERM CHANGES OR TRENDS IN THE ENVIRONMENT RESULTING
FROM THE SITE.



• ASSESSMENT OF THE PERFORMANCE (ADEQUACY) OF DESIGN FEATURES THAT LIMIT THE RELEASE
OF RADIOACTIVE MATERIALS TO THE ENVIRONMENT.

RADIONUCLIDE AND CHEMICAL CONSTITUENT TESTING OF GROUND WATER, SURFACE WATER, SOIL, SEDIMENT AND
AIR WILL BE PERFORMED, AS APPROPRIATE AND ON A ROUTINE BASIS, TO ENSURE THAT THE REMEDY FOR THE
MFDS IS ACHIEVING ALL ARARS AND CONTINUES TO BE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT. 
MONITORING OF LEACHATE LEVELS IN TRENCHES, SUBSIDENCE MONITORING AND EROSION AND SILTATION
MONITORING WILL BE ROUTINELY CONDUCTED.  A PROGRAM WILL BE ESTABLISHED TO ASSESS AND TRACK THE
IMPACT OF SITE REMEDIATION ON LOCAL WILDLIFE AND VEGETATION AND TO CONFIRM THE ASSUMPTIONS AND
CONCLUSIONS OF THE MFDS RISK ASSESSMENT.  THESE MONITORING PROGRAMS WILL BE ESTABLISHED DURING
THE INITIAL CLOSURE PERIOD (AS SPECIFIED IN THE INTERIM SITE MANAGEMENT PLAN) AND CONTINUED  
THROUGH THE INTERIM MAINTENANCE PERIOD AND ON INTO THE CUSTODIAL MAINTENANCE PERIOD.

A BUFFER ZONE, ADJACENT TO THE EXISTING SITE PROPERTY BOUNDARIES, WILL BE ACQUIRED.  THE PRIMARY
PURPOSE OF A BUFFER ZONE IS TO PROTECT ENVIRONMENTALLY SENSITIVE AREAS SUCH AS THE HILLSLOPES
FROM DETRIMENTAL ACTIVITIES SUCH AS LOGGING.  WITHOUT CONTROL OF ACTIVITIES ON THE HILLSLOPES,
INCREASED EROSION DUE TO DEFORESTATION COULD SEVERELY AFFECT THE INTEGRITY OF THE REMEDY.

THE BUFFER ZONE WILL NOT EXTEND THE CURRENT LICENSED SITE PROPERTY BOUNDARY, ALTHOUGH CONTROL
OVER THE PROPERTY WOULD LIKELY BE IN THE HANDS OF THE COMMONWEALTH OF KENTUCKY.  MOREOVER, THE
POINTS OF COMPLIANCE FOR ARARS WILL NOT BE EXTENDED BY PROCUREMENT OF THE BUFFER ZONE. 
MONITORING OF STREAMS, GROUND WATER AND OTHER MEDIA WILL BE CONDUCTED IN THE BUFFER ZONE AND
OTHER AREAS DEEMED NECESSARY TO ASSURE THAT THE SELECTED REMEDY ACHIEVES ARARS.  INDEED, THE
SECONDARY PURPOSE OF THE BUFFER ZONE IS TO ENSURE UNRESTRICTED, LONG-TERM ACCESS TO AREAS  
NECESSARY FOR FULL AND EFFECTIVE MONITORING.

AT A MINIMUM, THE BUFFER ZONE WILL EXTEND FROM THE CURRENT SITE PROPERTY BOUNDARY TO DRIP
SPRINGS, NO NAME, AND ROCK LICK CREEKS TO THE WEST, EAST, AND SOUTHWEST OF THE SITE,
RESPECTIVELY.  THE TENTATIVELY IDENTIFIED BUFFER ZONE, ILLUSTRATED IN FIGURE 21, IS A CONCEPTUAL 
DELINEATION OF THE MINIMUM BOUNDARY OF THE BUFFER ZONE.

SIGNS WILL BE POSTED WARNING POTENTIAL TRESPASSERS OF THE PRESENCE OF SITE CONTAMINANTS.  FENCES
WILL BE CONSTRUCTED, REPAIRED AND/OR RE-ALIGNED AS NEEDED TO PREVENT UNAUTHORIZED ACCESS TO THE
CAPPED TRENCH DISPOSAL AREA, CONSTRUCTION AREAS ESTABLISHED DURING THE INITIAL CLOSURE PERIOD,
AND OTHER AREAS DEEMED INAPPROPRIATE FOR ACCESS.  ACCESS TO THE MFDS FROM INTERSTATE 64 IS VIA
STATE ROAD 32 TO COUNTY ROAD 1895, WHICH RUNS TO THE ENTRANCE OF THE MFDS.  COUNTY ROAD 1895 IS
A TWO-LANE PAVED ROAD SUITABLE FOR THE MAXIMUM LEGAL LOAD ALLOWED BY KENTUCKY'S DEPARTMENT OF
TRANSPORTATION AND APPEARS TO BE IN GOOD CONDITION.  WELL IN ADVANCE OF CONSTRUCTION ACTIVITIES,
THE NEED TO UPGRADE COUNTY ROAD 1895 WILL BE DISCUSSED WITH FLEMING COUNTY OFFICIALS.  SHOULD IT
BE DETERMINED THAT SITE ACTIVITIES ARE HAVING A DETRIMENTAL EFFECT ON COUNTY ROAD 1895, THE
AUTHORITY(IES) RESPONSIBLE FOR REMEDIATION OF THE MFDS WILL BE RESPONSIBLE FOR FUNDING SUCH
REPAIRS.

A COMPREHENSIVE INTERIM SITE MANAGEMENT PLAN WILL BE DEVELOPED DURING THE INITIAL CLOSURE PERIOD
TO DEFINE THE MAINTENANCE AND MONITORING TASKS TO BE CONDUCTED DURING THE INTERIM MAINTENANCE
PERIOD.

10.2 INTERIM MAINTENANCE PERIOD

UPON INSTALLATION OF THE INITIAL CAP, THE INTERIM MAINTENANCE PERIOD WILL COMMENCE.  THE PRIMARY
OBJECTIVE OF THE INTERIM MAINTENANCE PERIOD IS TO LET THE TRENCHES STABILIZE BY NATURAL
SUBSIDENCE.  THE INTERIM SITE MANAGEMENT PLAN WILL PROVIDE THE BASIS FOR WORK ACTIVITIES DURING 
THE INTERIM MAINTENANCE PERIOD.  DURING THIS PERIOD, THE INITIAL CAP WILL CONTINUE TO BE
MAINTAINED TO PREVENT INFILTRATION OF WATER INTO THE TRENCHES, MAINTENANCE OF THE SITE WILL



CONTINUE, AND THE SITE WILL BE MONITORED BY AN ENHANCED MONITORING/SURVEILLANCE PROGRAM.

DURING THE INTERIM MAINTENANCE PERIOD, THE FOLLOWING ACTIVITIES WILL BE PERFORMED AS PRESCRIBED
BY THE INTERIM SITE MANAGEMENT PLAN:

• PERIODIC TOPOGRAPHIC SURVEYS AND SUBSIDENCE MONITORING
• INITIAL CAP MAINTENANCE
• CONTINUING ASSESSMENT OF THE ADEQUACY OF THE INITIAL CAP, SURFACE WATER CONTROL

MEASURES AND EROSION CONTROL MEASURES
• IMPROVEMENTS TO SITE DRAINAGE FEATURES, AS NEEDED
• TRENCH LEACHATE MANAGEMENT AND MONITORING
• MONITORING, MAINTENANCE, AND SURVEILLANCE
• ENHANCED GROUND WATER MONITORING
• INSTALLATION OF A HORIZONTAL FLOW BARRIER, AS REQUIRED
• FIVE YEAR REVIEWS

TOPOGRAPHIC SURVEYS AND ELEVATION SURVEYS OF THE SUBSIDENCE MONITORS WILL BE CONDUCTED ROUTINELY
TO EVALUATE SUBSIDENCE.  SETTLEMENT PLATES AND SLOPE INCLINOMETERS (AND/OR OTHER SUBSIDENCE
MONITORING INSTRUMENTS) WILL BE INSTALLED AT THE MFDS TO MEASURE VERTICAL MOVEMENT, TILT OR  
SUBSIDENCE OF THE TRENCH CONTENTS AND TRENCH CAP OVER TIME.  THIS INFORMATION WILL FORM A
DATABASE TO BE USED TO ASSESS CAP STABILITY AND THE DEGREE TO WHICH TRENCH SUBSIDENCE HAS
OCCURRED.

THE INITIAL CAP WILL BE ROUTINELY INSPECTED TO ENSURE THAT IT HAS NOT FAILED AND IT IS
EFFECTIVELY CONTROLLING SURFACE WATER RUNOFF.  AS NEEDED, THE CAP WILL BE REPAIRED AND THE
SYNTHETIC LINER REPLACED IN ACCORDANCE WITH THE INTERIM SITE MANAGEMENT PLAN.  CURRENTLY, IT IS  
ANTICIPATED THAT THE SYNTHETIC LINER WILL REQUIRE REPLACEMENT AT 20-25 YEAR INTERVALS.  LINER
REPLACEMENT WILL BE PERFORMED IN RESPONSE TO LINER CONDITION AND THE MANUFACTURER'S WARRANTY AND
SPECIFICATIONS.  THE SPECIFIC LINER TYPE WILL BE DETERMINED DURING DEVELOPMENT OF THE INTERIM  
SITE MANAGEMENT PLAN; HOWEVER, THE LINER WILL BE OF THE TYPE TO REQUIRE REPLACEMENT NO MORE
OFTEN THAT THE AFORE-MENTIONED 20-25 YEAR INTERVAL. THE DRAINAGE DITCHES AND RETENTION PONDS
WILL ALSO BE CLEANED AND MAINTAINED AS NEEDED.  EROSION DAMAGE TO THE CAP AND DRAINAGE SYSTEMS  
WILL BE REPAIRED AS NEEDED.

THE INFILTRATION MONITORING SYSTEM, INSTALLED DURING THE INITIAL CLOSURE PERIOD, WILL DETECT THE
ACCUMULATION OF LEACHATE IN THE TRENCHES AND PROVIDE A WARNING IF LEACHATE BEGINS TO ACCUMULATE
IN THE TRENCHES. THIS MONITORING SYSTEM WILL BE USED AS A SUPPLEMENT TO THE COMMONWEALTH'S
CURRENT TRENCH LEACHATE MONITORING PROGRAM.  MEASURES COULD THEN BE TAKEN TO ELIMINATE THE CAUSE
OF THE INFILTRATION.  IF TRENCH RECHARGE IS OCCURRING, THE LEACHATE MANAGEMENT PLAN, DEVELOPED
AS PART OF THE INTERIM SITE MANAGEMENT PLAN, WILL BE IMPLEMENTED TO REMOVE, SOLIDIFY, AND
DISPOSE OF THE LEACHATE.  THE DATA FROM THE MONITORING AND LEACHATE EXTRACTION PROGRAM WILL BE
USED TO ADJUST THE FREQUENCY OF INSPECTIONS, DATA COLLECTION, SAMPLE ANALYSES, AND PLANNED
LEACHATE PUMPING AND SOLIDIFICATION.

TRENCH LEACHATE RECHARGE SHOULD BE KEPT TO A MINIMUM, ONCE THE DISPOSAL TRENCHES HAVE BEEN
PUMPED TO THE EXTENT PRACTICABLE AND THE INITIAL CAP HAS BEEN PLACED OVER THE DISPOSAL AREA. 
HOWEVER, SHOULD CONDITIONS WARRANT RE-INITIATION OF A TRENCH LEACHATE EXTRACTION PROGRAM, TRENCH 
LEACHATE WILL BE SOLIDIFIED AND DISPOSED IN ON-SITE TRENCHES.  ON-SITE ACTIVITIES DURING THE
INTERIM MAINTENANCE PERIOD MAY GENERATE ADDITIONAL WASTES REQUIRING DISPOSAL.  LIQUIDS WILL BE
TEMPORARILY STORED UNTIL SUFFICIENT QUANTITIES HAVE ACCUMULATED TO WARRANT RESUMPTION OF  
SOLIDIFICATION PROCESSES.  ONCE LIQUIDS HAVE BEEN SOLIDIFIED, A NEW DISPOSAL TRENCH WILL BE
CONSTRUCTED TO DISPOSE OF THE SOLIDIFIED LIQUIDS AND ANY SOLIDS GENERATED DURING ON-SITE
ACTIVITIES.



SITE MONITORING ACTIVITIES WILL BE PERFORMED AS DEFINED IN THE INTERIM SITE MANAGEMENT PLAN AND
ESTABLISHED DURING THE INITIAL CLOSURE PERIOD. SITE MAINTENANCE ACTIVITIES WILL INCLUDE
CUSTODIAL CARE SUCH AS GRASS CUTTING, DITCH CLEANING, AND FENCE REPAIRING.  ON A LESS FREQUENT
BASIS, REPAIRS WILL BE MADE TO THE EROSION CONTROL SYSTEM, THE INITIAL CAP, AND MONITORING
INSTRUMENTS.  ADDITIONALLY SURVEILLANCE ACTIVITIES WILL BE PERFORMED ON A ROUTINE BASIS TO
INSPECT THE SITE.  MAINTENANCE AND MONITORING ACTIVITIES WILL BE CONDUCTED IN COMPLIANCE WITH
THE FEDERAL AND KENTUCKY LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE.

FOR THOSE REMEDIAL ACTIONS THAT ALLOW HAZARDOUS SUBSTANCES TO REMAIN ON-SITE, SECTION 121(C) OF
CERCLA REQUIRES EPA TO CONDUCT A REVIEW OF THE REMEDY WITHIN FIVE YEARS AFTER INITIATION OF
REMEDIAL ACTION AND AT LEAST ONCE EVERY FIVE YEARS THEREAFTER.  THE PURPOSE OF THIS REVIEW IS  
TO EVALUATE THE REMEDY'S PERFORMANCE - TO ENSURE THAT THE REMEDY HAS ACHIEVED, OR WILL ACHIEVE,
THE REMEDIAL ACTION OBJECTIVES SET FORTH IN THE RECORD OF DECISION AND THAT IT CONTINUES TO BE
PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.  ADDITIONALLY, THE COMMONWEALTH WILL CONTINUE AN
ENVIRONMENTAL PROGRAM TO EVALUATE ALL ASPECTS OF THE REMEDIATION DURING THE FIVE YEAR REVIEW
PERIODS.

DURING ANY OF THE FIVE YEAR REVIEWS, OR AT ANY POINT BETWEEN THE FIVE YEAR REVIEWS, IF THE
REMEDY IS NOT MEETING THE DEFINED REMEDIAL ACTION OBJECTIVES, A MORE DETAILED SAMPLING PROGRAM
WILL BE UNDERTAKEN TO DETERMINE THE CAUSE OF THE FAILURE.  SPECIFICALLY, THE REVIEWS MAY FOCUS 
ON, AMONG OTHER THINGS, THE SELECTED REMEDY'S ABILITY TO PREVENT ENTRY OF WATER INTO THE
DISPOSAL TRENCHES, TO MITIGATE EROSION TO THE EXTENT PRACTICABLE, AND TO MINIMIZE MIGRATION OF
RADIONUCLIDES AND CHEMICALS.

SHOULD SITE MONITORING AND SURVEILLANCE DEMONSTRATE A FAILURE OF THE REMEDY TO ACHIEVE ARARS OR
REMEDIAL ACTION OBJECTIVES (E.G., ALLUVIAL GROUND WATER MONITORING INDICATES MAXIMUM
CONCENTRATION LIMITS HAVE BEEN EXCEEDED), THE APPROPRIATE REMEDIAL STEPS WILL BE TAKEN, SUCH AS  
NOTIFICATION OF REGULATORY AGENCIES, PUBLIC SAFEGUARDS, REPAIR OF THE REMEDIAL TECHNOLOGY, OR
CLEANUP OF THE ENVIRONMENTAL MEDIUM.

THE UNCERTAINTIES OF HYDROGEOLOGIC FLOW CONDITIONS AT THE MFDS (AS DISCUSSED IN THE RI REPORT
FOR THE MFDS AND SECTION 5.1.2 - GEOLOGY AND GROUND WATER OF THIS DOCUMENT), AS WELL AS THE
UNCERTAINTIES RELATED TO THE IMPACT OF THE LEACHATE EXTRACTION OPERATIONS ON THE HYDROGEOLOGIC  
FLOW CONDITIONS, NECESSITATE FURTHER EVALUATION OF DATA IN ORDER TO ASSESS THE NECESSITY AND
LIKELY EFFECTIVENESS OF A HORIZONTAL FLOW BARRIER.  SUFFICIENT DATA SHOULD BE AVAILABLE FROM THE
TRENCH DEWATERING PROGRAM, INFORMATION CONTAINED IN THE COMMONWEALTH'S HISTORICAL LEACHATE  
LEVEL DATABASE, THE INFILTRATION MONITORING SYSTEM, GROUND WATER MONITORING, AND THE GROUND
WATER MODELING PROGRAM TO DETERMINE THE NECESSITY OF A HORIZONTAL FLOW BARRIER BEFORE OR IN
CONJUNCTION WITH THE FIRST FIVE YEAR REVIEW.  IF STATISTICAL ANALYSIS OF TRENCH DATA (TO 
INCLUDE WATER LEVEL DATA, REGRESSION SLOPES, ETC.) INDICATES THAT LATERAL RECHARGE OF THE
DISPOSAL TRENCHES IS OCCURRING, A HORIZONTAL FLOW BARRIER WILL BE INSTALLED TO CURTAIL GROUND
WATER RECHARGE OF THE DISPOSAL TRENCHES.  THE NECESSITY, LOCATION, DEPTH, AND EXTENT OF THIS  
HORIZONTAL FLOW BARRIER WILL BE DETERMINED THROUGH GROUND WATER MODELING AND REVIEW OF
HISTORICAL SITE MONITORING DATA.

TWO TYPES OF HORIZONTAL FLOW BARRIERS WERE EVALUATED IN THE FEASIBILITY STUDY, AS DISCUSSED IN
SECTION 7.2.2.2 (HORIZONTAL FLOW BARRIERS OF THIS DOCUMENT), AND ILLUSTRATED IN FIGURES 22
THROUGH 24; A NORTH CUTOFF WALL AND A LATERAL DRAIN/CUTOFF WALL.  THE TYPE OF HORIZONTAL FLOW
BARRIER INSTALLED AT THE SITE WILL BE ONE OF THE TWO DESCRIBED BARRIERS OR ANOTHER DESIGN
DETERMINED TO BE SUFFICIENT FOR PREVENTION OF LATERAL INFILTRATION.

THE DECISIONS AS TO WHETHER AND WHAT TYPE OF HORIZONTAL FLOW BARRIER TO CONSTRUCT WILL BE MADE
BY EPA, IN CONSULTATION WITH THE COMMONWEALTH OF KENTUCKY.



10.3 FINAL CLOSURE PERIOD

THE END OF THE INTERIM MAINTENANCE PERIOD AND THE BEGINNING OF THE FINAL CLOSURE PERIOD IS
DEFINED AS THE TIME WHEN SUBSIDENCE OF THE TRENCHES HAS NEARLY CEASED AND FINAL CAP INSTALLATION
CAN BEGIN.  THE CRITERIA FOR DETERMINING WHEN THIS TIME HAS COME COULD INCLUDE SUCH FACTORS AS  
ACCEPTABLE VOID FRACTION, DEFINED RATE OF MINIMAL SUBSIDENCE, DEFINED BACKFILLING RATE TO
MAINTAIN DESIGN GRADE, ETC.  EPA, IN CONSULTATION WITH THE COMMONWEALTH, WILL DETERMINE THE
ACCEPTABLE SUBSIDENCE CRITERIA DURING REMEDIAL DESIGN AND/OR DEVELOPMENT OF THE INTERIM SITE
MANAGEMENT PLAN.

THE FOLLOWING ACTIVITIES WILL BE UNDERTAKEN DURING THE FINAL CLOSURE PERIOD:

• WASTE BURIAL
• INSTALLATION OF FINAL CAP
• INSTALLATION OF PERMANENT SURFACE WATER CONTROL FEATURES
• INSTALLATION OF SURFACE MONUMENTS

PRIOR TO INSTALLATION OF THE FINAL CAP, CONTAMINATED MATERIALS AT THE SITE WILL BE BURIED IN A
NEW DISPOSAL TRENCH ON-SITE.  THESE MATERIALS COULD INCLUDE SOLIDIFIED LEACHATE, LEACHATE
STORAGE TANKS, AND ON-SITE BUILDINGS WHICH WILL BE DEMOLISHED DURING FINAL REMEDIATION.

BECAUSE THE SELECTED REMEDY INVOLVES DISPOSAL OF A RCRA LISTED HAZARDOUS WASTE, THE RCRA
SUBTITLE C CLOSURE STANDARDS ARE APPLICABLE TO THE MFDS. CONSEQUENTLY, THE FINAL CAP WILL BE
DESIGNED AND CONSTRUCTED TO PROMOTE DRAINAGE, MINIMIZE EROSION OF THE COVER, AND PROVIDE
LONG-TERM MINIMIZATION OF MIGRATION OF LIQUIDS.  THE DESIGN CRITERIA AND ALLOWABLE SOIL LOSS FOR
THE FINAL CAP WILL CONFORM, AT A MINIMUM, TO THE STANDARDS ESTABLISHED IN EPA'S "COVER FOR
UNCONTROLLED HAZARDOUS WASTE SITES", EPA/540/2 - 85/002 (USEPA, 1985).

THE TRENCH DISPOSAL AREA AND APPROPRIATE AREAS CONTIGUOUS THERETO WILL BE COVERED BY AN
ENGINEERED SOIL CAP WITH A SYNTHETIC LINER.  IT IS EXPECTED THAT THIS CAP, AS DESCRIBED IN TABLE
33, WILL CONSIST OF (FROM TOP TO BOTTOM) AN INITIAL LAYER OF COMPACTED SOIL PLACED OVER THE  
EXISTING TRENCH COVER, A TWO-FOOT THICK CLAY LAYER, AN 80 MIL (OR SUFFICIENTLY SIMILAR) THICK
SYNTHETIC LINER, A GEOTEXTILE FABRIC LAYER, A ONE-FOOT-THICK DRAINAGE LAYER, A GEOTEXTILE FABRIC
LAYER, AND A TWO-FOOT THICK SOIL LAYER SUPPORTING A VEGETATIVE COVER.  THE COMPACTED CLAY LAYER
WILL HAVE A PERMEABILITY OF 1 X (10-7) (0.1 FEET/YEAR) OR LESS.

THE FINAL CAP WILL BE CONSTRUCTED PRIMARILY OF NATURALLY OCCURRING MATERIALS THAT ARE STABLE IN
THE MAXEY FLATS ENVIRONMENT.  TO PROVIDE ADDITIONAL PROTECTION AGAINST VERTICAL INFILTRATION OF
WATER AND TO PROVIDE ADDITIONAL DURABILITY DURING THE FIRST FEW DECADES FOLLOWING INSTALLATION,
SOME SYNTHETIC MATERIALS WILL BE INTEGRATED WITHIN THE MULTI-LAYERED STRUCTURE OF THE FINAL CAP. 
THE ENGINEERED SOIL CAP WITH SYNTHETIC LINER, WHEN INSTALLED, WILL PROVIDE AN EFFECTIVE BARRIER
AGAINST VERTICAL INFILTRATION OF WATER.  THE CAP SHOULD LAST FOR A LONG PERIOD OF TIME IF (A)
REPAIRS ARE PERFORMED PROMPTLY, AS NEEDED, DURING THE FIRST FEW DECADES FOLLOWING INSTALLATION,
AND (B) MINOR CUSTODIAL MAINTENANCE IS PROVIDED.  THE CAP WILL DIRECT PERCOLATING WATER AWAY  
FROM THE DISPOSED WASTE BY DRAINAGE LAYERS AND ITS SLOPED DESIGN.  THE MULTI-LAYER CONSTRUCTION
WILL RESIST DEGRADATION THROUGH GEOLOGICAL PROCESSES AND BIOTIC ACTIVITY.  ADDITIONALLY, THE
SEEDED TOPSOIL LAYER WILL ENHANCE EROSION CONTROL.  EROSION CONTROL WILL BE AN INTEGRAL 
COMPONENT OF THE FINAL CAP DESIGN.  CAP EROSION, HILLSLOPE EROSION, AND RATES OF SURFACE WATER
RUNOFF TO DOWNSLOPE AREAS WILL BE CONSIDERED DURING FINAL CAP DESIGN.

EFFECTIVE, PERMANENT SURFACE WATER CONTROL SYSTEMS WILL ALSO BE INSTALLED TO LIMIT INFILTRATION
AND CONTROL SURFACE WATER RUNOFF AND MINIMIZE HILLSLOPE AND CAP EROSION TO THE EXTENT
PRACTICABLE.  AFTER THE FINAL CAP IS CONSTRUCTED, CHANNELS AND DRAINAGE DITCHES CARRYING STORM  
WATER RUNOFF FROM THE SITE WILL BE IMPROVED TO ENSURE STABILITY FOR RUNOFF EVENTS UP TO THAT



WHICH WOULD RESULT FROM A 100-YEAR, 24-HOUR STORM.  IT IS EXPECTED THAT A SIGNIFICANT AMOUNT OF
RESEARCH DATA AND INFORMATION ON NEW TECHNOLOGIES WILL BE DEVELOPED THROUGHOUT THE INTERIM 
MAINTENANCE PERIOD.  THUS, THE DESIGN OF THE FINAL CAP AND SURFACE WATER CONTROL FEATURES MAY
REFLECT THESE TECHNOLOGICAL ADVANCES.

THE MONITORING AND SURVEILLANCE PROGRAM, ESTABLISHED IN THE INITIAL CLOSURE PERIOD, WILL
CONTINUE TO ENSURE COMPLIANCE WITH STATE AND FEDERAL REGULATIONS, TO ENSURE THE REMEDY IS
MEETING THE REMEDIAL ACTION OBJECTIVES, AND TO ENSURE THAT THE REMEDY CONTINUES TO PROVIDE  
PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.  SURFACE MONUMENTS WILL BE ERECTED AT THE SITE
TO NOTIFY PERSONS OF THE PRESENCE OF SITE CONTAMINANTS AND THE DANGERS POSED BY SITE
CONTAMINANTS IF THE SITE IS DISTURBED.

10.4 CUSTODIAL MAINTENANCE PERIOD

AFTER THE FINAL CAP HAS BEEN CONSTRUCTED, THE CUSTODIAL MAINTENANCE PERIOD WILL BEGIN.  THE
FOLLOWING ACTIVITIES WILL BE PERFORMED DURING THE CUSTODIAL MAINTENANCE PERIOD:

• MONITORING AND SURVEILLANCE
• FIVE YEAR REVIEWS

THE MONITORING AND SURVEILLANCE PROGRAM WILL CONTINUE TO BE IMPLEMENTED AT THE SITE.  THE
FREQUENCY OF MONITORING ACTIVITIES DESCRIBED FOR THE INTERIM MAINTENANCE PERIOD WILL LIKELY BE
REDUCED DURING THE CUSTODIAL MAINTENANCE PERIOD DUE TO THE PRESUMED REDUCTION OF WATER
INFILTRATION INTO THE TRENCHES (I.E., REDUCED CONTAMINANT MOBILITY) AND REDUCED RADIONUCLIDE
ACTIVITY.  SITE MONITORING AND SURVEILLANCE WILL BE CARRIED OUT IN PERPETUITY.  MAINTENANCE
ACTIVITIES WILL BE CARRIED OUT, AS NECESSARY, TO PRESERVE THE INTEGRITY OF THE REMEDY.

THE CUSTODIAL MAINTENANCE PERIOD WILL INITIATE THE INSTITUTIONAL CONTROL PERIOD WHICH MUST BE
MAINTAINED FOR AT LEAST 100 YEARS FOLLOWING COMPLETION OF THE SITE CLOSURE AS REQUIRED BY 902
KAR 100:022 AND 10 CFR PART 61 FOR ALL LOW LEVEL RADIOACTIVE WASTE DISPOSAL SITES.  IN 
ADDITION, THE PERPETUAL MAINTENANCE FUND WILL ENSURE THAT INSTITUTIONAL CONTROL ACTIVITIES,
INCLUDING FENCING AND OTHER ACTIVITIES TO CONTROL ACCESS TO THE MFDS, PERIODIC SURVEILLANCE,
CUSTODIAL CARE, AND FILING OF NOTICES, SURVEY PLATS, AND DEED RESTRICTIONS WITH THE APPROPRIATE  
AUTHORITIES, WILL ACCOMPLISH THE GOAL OF PREVENTING INADVERTENT INTRUSION ONTO THE MFDS AND
PROVIDING OF CUSTODIAL CARE IN PERPETUITY. THE FUND WILL ALSO PROVIDE FOR COLLECTION AND
ANALYSIS OF SAMPLES AND DATA.

#SD
11.0 STATUTORY DETERMINATIONS

UNDER ITS LEGAL AUTHORITIES, THE US EPA'S PRIMARY RESPONSIBILITY AT SUPERFUND SITES IS TO
UNDERTAKE REMEDIAL ACTIONS THAT ACHIEVE ADEQUATE PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT. 
IN ADDITION, SECTION 121 OF CERCLA ESTABLISHES SEVERAL OTHER STATUTORY REQUIREMENTS AND 
PREFERENCES.  ONE OF THE REQUIREMENTS SPECIFIES THAT, WHEN COMPLETE, THE SELECTED REMEDIAL
ACTION FOR THIS SITE MUST COMPLY WITH APPLICABLE OR RELEVANT AND APPROPRIATE STANDARDS
ESTABLISHED UNDER FEDERAL AND STATE ENVIRONMENTAL LAWS UNLESS A STATUTORY WAIVER IS JUSTIFIED. 
THE SELECTED REMEDY ALSO MUST BE COST EFFECTIVE AND MUST UTILIZE PERMANENT SOLUTIONS AND
ALTERNATIVE TREATMENT TECHNOLOGIES OR RESOURCE RECOVERY TECHNOLOGIES TO THE MAXIMUM EXTENT
PRACTICABLE.  FINALLY, THE STATUTE INCLUDES A PREFERENCE FOR REMEDIES THAT EMPLOY TREATMENT
TECHNOLOGIES THAT PERMANENTLY AND SIGNIFICANTLY REDUCE THE VOLUME, TOXICITY, OR MOBILITY OF
HAZARDOUS WASTES AS THEIR PRINCIPAL ELEMENT.  THE FOLLOWING SECTIONS DISCUSS HOW THE SELECTED
REMEDY MEETS THESE STATUTORY REQUIREMENTS.

11.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT



PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT WILL BE ACHIEVED THROUGH THE TREATMENT,
CONTAINMENT, ENGINEERING AND INSTITUTIONAL CONTROL COMPONENTS OF THE SELECTED REMEDY.

BASED UPON THE SITE RISK ASSESSMENT, UNLESS REMEDIAL ACTION IS TAKEN, EXPOSURE TO DRINKING
WATER, SURFACE WATER, SOIL AND SEDIMENTS AT, AND IN CLOSE PROXIMITY TO, THE SITE IN THE FUTURE
WOULD POSE AN UNACCEPTABLE RISK TO HUMAN HEALTH.  THE RISK ASSESSMENT ESTIMATES THAT THE RISK
FROM ALL COMBINED ON-SITE PATHWAYS AT THE MFDS, IF NO ACTION IS TAKEN, COULD APPROACH 1 (I.E.,
ONE ADDITIONAL CASE OF FATAL CANCER FOR EACH PERSON WHO WOULD RESIDE ON-SITE).  THE RISK
ASSESSMENT ESTIMATES THAT THE RISK FROM ALL COMBINED OFF-SITE PATHWAYS AT THE MFDS, IF NO ACTION
IS TAKEN, COULD APPROACH 6 X (10-2) (I.E., SIX ADDITIONAL CASES OF FATAL CANCER FOR EVERY 100
PERSONS ENGAGING IN THE OFF-SITE EXPOSURE PATHWAYS AS DESCRIBED IN SECTION 6 OF THIS DOCUMENT). 
THE SELECTED REMEDY WILL REDUCE THESE RISKS TO A RISK OF 1 X (10-4) OR LESS.  EPA DEEMS A RISK
OF (10-4) TO BE GENERALLY PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.

THE EXTRACTION, SOLIDIFICATION, AND RE-DISPOSAL OF TRENCH LEACHATE WILL SIGNIFICANTLY REDUCE THE
MOBILITY OF RADIONUCLIDES.  INITIAL AND FINAL CAPS WILL SIGNIFICANTLY REDUCE THE AMOUNT OF
VERTICAL INFILTRATION INTO THE DISPOSAL TRENCHES, THEREBY MINIMIZING THE PRODUCTION OF LEACHATE,
THEREBY MINIMIZING THE MIGRATION OF SITE CONTAMINANTS INTO THE ENVIRONMENT.  SURFACE WATER
DRAINAGE IMPROVEMENTS WILL HELP MAINTAIN THE INTEGRITY OF THE REMEDY BY CONTROLLING THE RATE OF
SITE EROSION.  SITE MONITORING AND MAINTENANCE AND INSTITUTIONAL CONTROLS, FUNDED AND CONDUCTED
IN PERPETUITY, WILL PREVENT UNINTENDED USE OF THE SITE, MINIMIZE THE AMOUNT OF EXPOSURE TO SITE
CONTAMINANTS, AND MAINTAIN THE INTEGRITY OF THE REMEDY.

THERE ARE NO SHORT-TERM THREATS ASSOCIATED WITH THE SELECTED REMEDY THAT CANNOT BE READILY
CONTROLLED.  IN ADDITION, NO ADVERSE CROSS-MEDIA IMPACTS ARE EXPECTED FROM THE REMEDY.

11.2 COMPLIANCE WITH ARARS

THE SELECTED REMEDY WILL COMPLY WITH ALL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
(ARARS) EXCEPT FOR THE RCRA LAND DISPOSAL RESTRICTIONS WHICH ARE BEING WAIVED PURSUANT TO CERCLA
SECTION 121(D). ARARS IDENTIFIED FOR THE MFDS ARE PRESENTED IN SECTION 8.0 OF THIS DOCUMENT.

11.3 COST EFFECTIVENESS

THE SELECTED REMEDY PROVIDES OVERALL EFFECTIVENESS IN PROPORTION TO ITS COST.  ALTERNATIVE 5 IS
THE LEAST COSTLY OF THE SEVEN ALTERNATIVES THAT UNDERWENT A DETAILED ANALYSIS, WITH THE
EXCEPTION OF THE NO ACTION ALTERNATIVE.

11.4 UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT TECHNOLOGIES OR RESOURCE
RECOVERY TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE AND STATUTORY PREFERENCE FOR TREATMENT
AS A PRINCIPLE ELEMENT.

EPA AND THE COMMONWEALTH OF KENTUCKY HAVE DETERMINED THAT THE SELECTED REMEDY REPRESENTS THE
MAXIMUM EXTENT TO WHICH PERMANENT SOLUTIONS AND TREATMENT TECHNOLOGIES CAN BE UTILIZED IN A
COST-EFFECTIVE MANNER FOR THE FINAL SOURCE CONTROL REMEDY AT THE MAXEY FLATS DISPOSAL SITE.  OF  
THE ALTERNATIVES EVALUATED AND PRESENTED IN THIS DECISION DOCUMENT, EPA AND THE COMMONWEALTH
HAVE DETERMINED THAT THIS SELECTED REMEDY PROVIDES THE BEST BALANCE OF TRADEOFFS IN TERMS OF
LONG-TERM EFFECTIVENESS AND PERMANENCE, REDUCTION IN TOXICITY, MOBILITY, OR VOLUME ACHIEVED
THROUGH TREATMENT, SHORT-TERM EFFECTIVENESS, IMPLEMENTABILITY, COST, ALSO CONSIDERING THE
STATUTORY PREFERENCE FOR TREATMENT AS A PRINCIPAL ELEMENT AND CONSIDERING STATE AND COMMUNITY
ACCEPTANCE.

WHILE THE SELECTED REMEDY DOES NOT REDUCE THE VOLUME OF WASTE PRESENT AT THE SITE, OR OFFER
TREATMENT AS A PRINCIPAL ELEMENT, ALTERNATIVE 5 DOES ADDRESS THE PRIMARY THREAT ASSOCIATED WITH



THE SITE; THAT OF THE MIGRATION OF CONTAMINATED LEACHATE INTO THE ENVIRONMENT.  THE SELECTED  
REMEDY WILL ACHIEVE A REDUCTION OF THE MOBILITY OF THE CONTAMINATED LEACHATE THROUGH
SOLIDIFICATION AND PREVENTION OF THE GENERATION OF NEW LEACHATE, AND WILL MINIMIZE EROSION TO
THE EXTENT PRACTICABLE TO PRESERVE THE INTEGRITY OF THE REMEDY.  THE INITIAL AND FINAL CAPS,  
SURFACE WATER CONTROL FEATURES, MONITORING AND MAINTENANCE COMPONENTS, AND OTHER ENGINEERING
FEATURES, AS WELL AS INSTITUTIONAL CONTROLS WILL REDUCE OR CONTROL SITE RISKS TO THE EXTENT
PRACTICABLE.

TREATMENT OF SITE WASTES IS NOT PRACTICABLE AT THE MFDS DUE TO THE NATURE AND VOLUME OF WASTE
INVOLVED.  EXCAVATION AND OFF-SITE DISPOSAL ARE NOT FEASIBLE AT THE MFDS DUE TO THE LACK OF
FACILITIES THAT COULD ACCEPT THE VOLUME AND ACTIVITY OF THE WASTE PRESENT AT THE MFDS AND THE  
GREATER RISK TO HUMAN HEALTH AND THE ENVIRONMENT WHICH WOULD BE ASSOCIATED WITH SUCH ACTIVITIES. 
FURTHERMORE, EXCAVATION OF SITE WASTES WOULD NOT ACHIEVE THE COMMONWEALTH'S APPLICABLE
REQUIREMENT - 902 KAR 100:015, WHICH REQUIRES EXPOSURES TO BE KEPT TO "AS LOW AS REASONABLY
ACHIEVABLE".



#TA
                                    TABLE 1

                        ACREAGE-TABULATION FOR THE AREA
                         WITHIN 2.5 MILES OF THE MFDS

                                              PERCENTAGE OF PRIMARY
   LAND USE                 TOTAL ACRES             STUDY AREA

   RESIDENTIAL                   132                    1.0
   OTHER URBAN OR                 44                    0.3
   BUILT UP LAND
   CROPLAND AND PASTURE        4,885                   39.6
   BRUSH COVERED LAND            167                    1.3
   EVERGREEN FOREST LAND         254                    2.1
   DECIDUOUS FOREST LAND         597                    4.8
   MIXED FOREST LAND            6,128                  49.6
   STREAMS                      161                     1.3

   PRIMARY STUDY AREA        12,368                    100

                                    TABLE 7

                 RESULTS OF RCRA ANALYSES FOR TRENCH LEACHATE

             TRENCH                   SULFIDE           IGNITABILITY
              SUMP        PH          SCREEN               SCREEN

               7-2       7.50           NEG                 NEG
               7-9       7.83           NEG                 NEG
             19S-6       7.32           NEG                 NEG
             19S-7       7.33           NEG                 NEG
             19S-8       7.66           NEG                 NEG
              26-2       7.80           NEG                 NEG
              26-3       8.03           NEG                 NEG
              27-5       5.07           NEG                 NEG
              32-9       7.83           NEG                 NEG
              32-9 (D)   7.89           NEG                 NEG
              32-E       8.49           NEG                 NEG
              35-4       8.05           NEG                 NEG
              35-6       8.24           NEG                 NEG
              35-8       8.65           NEG                 NEG
              40-14      7.57           NEG                 NEG
              40-17      8.14           NEG                 NEG

   NEG - NEGATIVE RESULTS
   D - DUPLICATE SAMPLE

   NOTE: ORGANIC AND INORGANIC ANALYSES PERFORMED ON THE TRENCH LEACHATE
   SAMPLES INDICATED THAT EP TOXICITY TEST RESULTS WOULD BE NEGATIVE.



                                   TABLE 11

                   RESULTS OF RCRA ANALYSES FOR GROUND WATER

                                       SULFIDE         IGNITABILITY
            WELL        PH             SCREEN             SCREEN

            ESI-2       8.13             NEG                NEG
            ESI-3       8.04             NEG                NEG
            ESI-3 (D)   8.08             NEG                NEG
            ESI-4       7.61             NEG                NEG
            ESI-8       7.20             NEG                NEG
            ESI-12      8.00             NEG                NEG
            ESI-14      6.85             NEG                NEG
            ESI-16       NA               NA                 NA
            ESI-19      8.02             NEG                NEG
            ESI-24      7.26             NEG                NEG
             UA-4       6.77             NEG                NEG
             UB-2       7.25             NEG                NEG

       NEG - NEGATIVE RESULTS
  NA - NOT ANALYZED

         D - DUPLICATE SAMPLE

   NOTE: ORGANIC AND INORGANIC ANALYSES PERFORMED ON THESE SAMPLES
   INDICATED THAT EP TOXICITY TEST RESULTS WOULD BE NEGATIVE.



                                   TABLE 12

                 CONCENTRATION RANGES OF RADIONUCLIDES IN SOIL
                 (CONCENTRATIONS IN PCI/MILILITER OR PCI/GRAM)

                      BACKGROUND     FOOD CROP      HAND AUGER
   RADIONUCLIDE         SOIL (A)     STUDY AREA       SOILS

   TRITIUM             LT 10 (B)       LT 10       LT 10-560,000
   K-40              20.0-26.0        7.0-22.0      LT 1.0-31.0
   CS-137              LT 0.1       LT 0.1-0.30     LT 0.1-0.80
   RA-226            0.80-1.10      LT 0.1-0.30     LT 0.1-9.40
   TH-232            1.10-1.40        0.70-1.50       0.50-1.80
   U-238               LT 2.0           LT 2.0      LT 2.0-14.0
   CO-60               LT 0.1           LT 0.1      LT 0.1-0.3

   A - DANIEL BOONE NATIONAL FOREST
   B - ONE BACKGROUND TRITIUM ANALYSIS DISCOUNTED BY LABORATORY REVIEW
   (SAMPLE BK-3, SEE APPENDIX B, SECTION 4.2.1 OF RI REPORT)

                                   TABLE 13

           CONCENTRATION RANGES OF ORGANIC CHEMICALS IN SOIL SAMPLES
                            (CONCENTRATIONS IN PPB)

                      BACKGROUND     FOOD CROP      HAND AUGER
   CHEMICAL              SOIL (A)    STUDY AREA        SOILS

   METHYLENE
   CHLORIDE               LT 5         LT 5            LT 5-6
   CHLOROFORM             LT 5         LT 5            LT 5
   TOLUENE                5J-35        7-180           LT 5-250 (B)
   ACETONE                LT 10        LT 10           LT 10-36 (J)
   2-BUTANONE             LT 10        LT 10           LT 10
   DI-N-OCTYL
   PHTHALATE              LT 330       LT 330          LT 330
   DIELDRIN               LT 16        LT 16-290       LT 16
   PHENANTHRENE           LT 330       LT 330          LT 330
   FLUORANTHENE           LT 330       LT 330          LT 330
   PYRENE                 LT 330       LT 330          LT 330

   A - DANIEL BOONE NATIONAL FOREST
   B - ESTIMATED VALUE DUE TO THE DETECTOR'S RESPONSE BEING OUTSIDE OF THE
   DETECTOR'S LINEAR RANGE

   J - ESTIMATED VALUE BECAUSE OF EXCEEDING A DATA VALIDATION
   CRITERION, OR BELOW DETECTION LIMIT DUE TO LABORATORY SAMPLE DILUTION



                                   TABLE 16

                    RESULTS OF RCRA ANALYSES FOR SOIL WATER

                DATE                              IGNITABILITY
               SAMPLED       PH         SULFIDE SCREEN        SCREEN

   WP-1       03/07/88     7.39             NEG                NEG
   WP-1 (D)   03/07/88     7.44             NEG                NEG
   WP-1       04/19/88     6.40             NEG                NEG
   WP-1D      04/19/88     6.30             NEG                NEG

   D - DUPLICATE SAMPLE
   NEG - NEGATIVE RESULTS

   NOTE: ORGANIC AND INORGANIC ANALYSES PERFORMED ON THESE SAMPLES
   INDICATED THAT EP TOXICITY TEST RESULTS WOULD BE NEGATIVE.



                                   TABLE 17

            CONCENTRATION RANGES OF RADIONUCLIDES IN SURFACE WATER
                       (CONCENTRATIONS IN PCI/MILILITER)

              BACKGROUND (A)   DOWNSTREAM     SITE AREA      MFDS
             SURFACE WATER    OF SITE AREA     STREAMS   PONDS AND WEIR

   TRITIUM    LT 10-40 (B)     LT 10-31 (B)    LT 10-30      LT 10-60
   K-40       LT 1.0           LT 1.0          LT 1.0        LT 1.0
   CS-137     LT 0.1           LT 0.1          LT 0.1        LT 0.1
   RA-226     LT 0.1           LT 0.1-0.29     LT 0.1        LT 0.1
   TH-232     LT 0.2           LT 0.2          LT 0.2        LT 0.2
   U-238      LT 2.0           LT 2.0          LT 2.0        LT 2.0
   CO-60      LT 0.1           LT 0.1          LT 0.1        LT 0.1

   A - DANIEL BOONE NATIONAL FOREST AND STREAM SAMPLING STATION A (UPSTREAM OF SITE AREA).

   B - HIGH VALUE SUSPECT, SEE APPENDIX E, SECTION 4.1 OF MFDS RI REPORT FOR DISCUSSION.

                                   TABLE 23

                            INDICATOR CONTAMINANTS

   RADIONUCLIDES                      NON-RADIONUCLIDES

   HYDROGEN-3 (TRITIUM)               ARSENIC
   CARBON-14                          BENZENE
   COBALT-60                          BIS(2-ETHYLHEXYL) PHTHALATE
   STRONTIUM-90                       CHLOROBENZENE
   TECHNETIUM-99                      CHLOROFORM
   IODINE-129                         1,2-DICHLOROETHANE
   CESIUM-137                         LEAD
   RADIUM-226                         NICKEL
   THORIUM-232                        TOLUENE
   PLUTONIUM-238                      TRICHLOROETHYLENE
   PLUTONIUM-239                      VINYL CHLORIDE
   AMERICIUM-241



                                   TABLE 24

                       OFF-SITE (NON-INTRUDER) PATHWAYS

• WELL WATER PATHWAY -- INVOLVES THE MOVEMENT OF CONTAMINANTS IN GROUND WATER TO THE
HILLSIDES ADJACENT TO THE SITE AND INTO THE SURFACE WATER SYSTEM MOVING DOWN THE
HILLSIDES.  AT THE BOTTOM OF THE HILLSIDES, THE CONTAMINATED RUNOFF RECHARGES THE         
ALLUVIUM (SOILS).  A WELL IS EXCAVATED IN THE CONTAMINATED ALLUVIUM AND A FAMILY USES THE
WELL AS A SOURCE OF DRINKING WATER.

• SURFACE WATER PATHWAY -- IN THIS PATHWAY, CONTAMINANTS MOVE OFF-SITE IN GROUND WATER AND
ENTER THE SURFACE WATER SYSTEM. THE STREAM WATER IS THEN USED AS A DRINKING WATER AND      
IRRIGATION SOURCE FOR BEEF AND MILK COWS AND THEIR FORAGE. HUMANS THEN INGEST THE ANIMAL
PRODUCTS.

• SOIL EROSION PATHWAY -- THIS PATHWAY ACTUALLY IS A COMBINATION OF PATHWAYS. IT INVOLVES
THE RESUSPENSION IN AIR OF SOIL PARTICLES CONTAMINATED WITH RADIONUCLIDES AND THE WASHING
OF SOIL INTO THE SURFACE WATER.  IT IS ASSUMED THAT THE TRENCHES OVERFLOW WITH
CONTAMINATED LIQUIDS.  DRY CONTAMINATED SOIL IS THEN SUSPENDED IN AIR AND CARRIED TO A
PERSON AND INHALED OR WASHED AWAY IN RUNOFF.  ALSO, CROPS ARE GROWN IN THE ALLUVIUM        
CONTAMINATED BY SURFACE RUNOFF.  A PERSON INGESTS CONTAMINATED FARM PRODUCTS AND IS
EXPOSED TO EXTERNAL RADIATION.

• SEDIMENT PATHWAY -- INVOLVES THE MOVEMENT OF CONTAMINANTS IN GROUND WATER TO THE HILLSIDES
ADJACENT TO THE SITE AND INTO THE SURFACE WATER SYSTEM (STREAMS).  AS THE CONTAMINATED
SURFACE WATER MOVES THROUGH THE STREAM BED, SOME OF THE CONTAMINANTS ADHERE TO THE SOILS
IN THE STREAM BED.  THROUGH THE COURSE OF PLAY IN THE STREAM BEDS, A CHILD INGESTS THE
CONTAMINATED SOILS.

• DEER PATHWAY -- CONTAMINATED WATER MOVES THROUGH THE GROUND WATER SYSTEM TO THE HILLSIDES
ADJACENT TO THE SITE.  UPON REACHING THE HILLSIDE, THE CONTAMINATION IS INCORPORATED INTO  
PLANTS.  THE CONTAMINATED PLANTS ARE THEN EATEN BY DEER FORAGING ON THE HILLSLOPES.  ALSO,
THE DEER DRINK CONTAMINATED WATER FROM THE STREAMS.  THE CONTAMINANTS ARE THEN
INCORPORATED INTO THE MEAT OF THE DEER.  A HUNTER KILLS THE DEER AND INGESTS THE MEAT.

• EVAPOTRANSPIRATION PATHWAY -- THIS PATHWAY INVOLVES THE UPTAKE OF CONTAMINATED LIQUID INTO
PLANTS; THE LIQUIDS ARE RELEASED FROM THE PLANTS TO THE ENVIRONMENT.  TRITIUM IS THE ONLY  
CONTAMINANT TO MOVE BY THIS PATHWAY. ONCE RELEASED TO THE AIR, THE TRITIUM COULD BE
INCORPORATED INTO FOOD AND DRINKING WATER SOURCES OR DIRECTLY INHALED BY A HUMAN.

• TRENCH SUMP PATHWAY -- THIS PATHWAY INVOLVES THE ESCAPE OF TRITIATED WATER FROM TRENCHES
VIA TRENCH SUMPS AND CRACKS IN THE TRENCH CAP.  A PERSON THEN INHALES THE CONTAMINATED
AIR.



                                   TABLE 25

                               EROSION PATHWAYS

            PATHWAY                         DOSE (MREM/YEAR)

       EXTERNAL EXPOSURE                           160
        DRINKING WATER                             440
          VEGETABLES                                11
             MILK                                  1.4
             MEAT                                  1.9

                                   TABLE 27
                    EFFECTIVE DOSE EQUIVALENTS (MREM/HOUR)
                            FOR TRANSIENT INTRUDER

                1         2                  3            4
   YEARS        DIRECT GAMMA                  RESUSPENSION
   DECAY      WASTE       SOIL            INHALATION (1)IMMERSION (2)

     0      4.5(E-04)   1.4(E+00)         1.4(E-01)    4.9(E-08)
    10      1.7(E-04)   1.3(E+00)         1.3(E-01)    4.5(E-08)
    20      9.7(E-05)   1.3(E+00)         1.3(E-01)    4.4(E-08)
    30      7.8(E-05)   1.3(E+00)         1.3(E-01)    4.4(E-08)
    40      7.3(E-05)   1.3(E+00)         1.3(E-01)    4.4(E-08)
    50      7.1(E-05)   1.3(E+00)         1.3(E-01)    4.4(E-08)
    75      6.8(E-05)   1.2(E+00)         1.3(E-01)    4.3(E-08)
   100      6.7(E-05)   1.2(E+00)         1.3(E-01)    4.3(E-08)
   200      6.4(E-05)   1.2(E+00)         1.2(E-01)    4.3(E-08)
   300      6.1(E-05)   1.2(E+00)         1.2(E-01)    4.3(E-08)
   400      5.9(E-05)   1.2(E+00)         1.2(E-01)    4.3(E-08)
   500      5.6(E-05)   1.2(E+00)         1.2(E-01)    4.2(E-08)

   (1) - MAJOR CONTRIBUTORS ARE TH-232 AND PU-238
   (2) - MAJOR CONTRIBUTOR IS TH-232



                                   TABLE 28

                            SUMMARY OF ALTERNATIVES
                      THAT UNDERWENT A DETAILED ANALYSIS

   ALTERNATIVE 1   NO ACTION

   ALTERNATIVE 4   STRUCTURAL CAP/DYNAMIC COMPACTION/HORIZONTAL FLOW BARRIER

   ALTERNATIVE 5   NATURAL SUBSIDENCE/INITIAL CAP AND FINAL ENGINEERED SOIL CAP WITH SYNTHETIC
                   LINER/HORIZONTAL FLOW BARRIER - "NATURAL STABILIZATION"

   ALTERNATIVE 8   NATURAL SUBSIDENCE/IMMEDIATE ENGINEERED SOIL CAP WITH SYNTHETIC
                   LINER/HORIZONTAL FLOW BARRIER

   ALTERNATIVE 10  DYNAMIC COMPACTION/ENGINEERED SOIL CAP WITH SYNTHETIC LINER/HORIZONTAL FLOW
                   BARRIER

   ALTERNATIVE 11  TRENCH GROUTING/ENGINEERED SOIL CAP WITH SYNTHETIC LINER/HORIZONTAL FLOW
                   BARRIER

   ALTERNATIVE 17  DYNAMIC COMPACTION/ENGINEERED SOIL CAP/HORIZONTAL FLOW BARRIER

                                   TABLE 29

                           COST/SCHEDULE SUMMARY FOR
                             REMEDIAL ALTERNATIVES
                                                  IMPLEMENTATION
   ALTERNATIVE                 COST (1)            TIME (2)

       1                    $  6,803,000              6 MONTHS

       4                      65,507,000             38 MONTHS
       5                      33,553,000             22 MONTHS (A)
                                               35 - 100 YEARS  (B)
                                                     10 MONTHS (C)
       8                      47,407,000             23 MONTHS
      10                      44,328,000             35 MONTHS
      11                      68,859,000             46 MONTHS
      17                      56,554,000             38 MONTHS

   (1) COST ESTIMATES FOR THE ALTERNATIVES ARE PRESENT WORTH COSTS WHICH INCLUDE CAPITAL COSTS
   AND OPERATION AND MAINTENANCE COSTS.  ALL ALTERNATIVES ASSUME A 4 PERCENT DISCOUNT RATE FOR
   THE PURPOSE OF ALTERNATIVE COMPARISON.  THE ACTUAL DISCOUNT RATE USED TO ESTABLISH THE
   REMEDY TRUST FUND MAY DIFFER FROM THE 4 PERCENT DISCOUNT RATE USED HERE.

   (2) INCLUDES DESIGN AND CONSTRUCTION TIME.

   (A) THE INITIAL CLOSURE PERIOD WOULD BE COMPLETED IN 22 MONTHS.

   (B) THE INTERIM MAINTENANCE PERIOD WOULD COMMENCE UPON COMPLETION OF THE INITIAL CLOSURE
   PERIOD AND WOULD TAKE APPROXIMATELY 35 TO 100 YEARS FOR COMPLETION.

   (C) A 10 MONTH FINAL CLOSURE PERIOD WOULD FOLLOW THE INTERIM MAINTENANCE PERIOD.



                                   TABLE 30

                          SUMMARY OF ACTION-SPECIFIC
          APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)

   APPLICABLE                          RELEVANT AND APPROPRIATE

   OCCUPATIONAL SAFETY AND HEALTH      OCCUPATIONAL SAFETY AND HEALTH
   (OSHA) STANDARDS (29 CFR PARTS      (OSHA) STANDARDS
   1910 AND 1926, BOTH IN PART)        (29 CFR 1926, IN PART)

   NATIONAL EMISSION STANDARDS FOR     FEDERAL STANDARDS FOR
   HAZARDOUS AIR POLLUTANTS            PROTECTION AGAINST RADIATION
   (40 CFR PART 61, SUBPART I)         (ALLOWABLE DOSES IN RESTRICTED
                                        AREAS)  (10 CFR PART 20)

   KENTUCKY STANDARDS FOR PROTECTION   FEDERAL LICENSING REQUIREMENTS
   AGAINST RADIATION (ALLOWABLE        FOR LAND DISPOSAL OF
   DOSES IN RESTRICTED AREAS)          RADIOACTIVE WASTE (10 CFR PART 61)
   (902 KAR 100:020)

   KENTUCKY STANDARDS FOR THE          KENTUCKY LICENSING
   DISPOSAL OF RADIOACTIVE MATERIAL    REQUIREMENTS FOR LAND DISPOSAL
   (902 KAR 100:021)                   OF RADIOACTIVE WASTE
                                       (902 KAR 100:022)

   GENERAL KENTUCKY REQUIREMENTS       KENTUCKY SOIL AND WATER
   CONCERNING RADIOLOGICAL SOURCES     CONSERVATION REQUIREMENTS
   (ALARA)  (902 KAR 100:015)          (KRS 262)

   KENTUCKY HAZARDOUS WASTE            RESOURCE CONSERVATION AND
   MANAGEMENT REGULATIONS              RECOVERY ACT (RCRA)
   (401 KAR CHAPTER 34, IN PART)       HAZARDOUS WASTE MANAGEMENT
                                       STANDARDS (40 CFR PART 264,
                                       IN PART)

   RESOURCE CONSERVATION AND
   RECOVERY ACT (RCRA) HAZARDOUS
   WASTE MANAGEMENT STANDARDS
   (40 CFR PART 268)

   KENTUCKY FUGITIVE AIR EMISSIONS
   STANDARDS  (401 KAR 63:010)



                                   TABLE 31

                        SUMMARY OF CONTAMINANT-SPECIFIC
          APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)

   APPLICABLE                          RELEVANT AND APPROPRIATE

   KENTUCKY STANDARDS FOR PROTECTION   FEDERAL STANDARDS FOR
   AGAINST RADIATION (ALLOWABLE        PROTECTION AGAINST
   DOSES IN UNRESTRICTED AREAS)        RADIATION (ALLOWABLE DOSES
   (902 KAR 100:020, TABLE II OF       IN UNRESTRICTED AREAS)
   902 KAR 100:025)                    (10 CFR PART 20.105, .106
                                       AND APPENDIX B, TABLE II)

   KENTUCKY SURFACE WATER QUALITY      AMBIENT WATER QUALITY CRITERIA
   STANDARDS (401 KAR 5:026 - :035)    (SECTION 304(A)(L) OF
                                       THE CLEAN WATER ACT)

   KENTUCKY HAZARDOUS WASTE            KENTUCKY DRINKING WATER
   MANAGEMENT REGULATIONS              STANDARDS-MAXIMUM CONTAMINANT
   (401 KAR 34:060, SECTION 5)         LEVELS (401 KAR 6:015)

                                        FEDERAL DRINKING WATER REGULATIONS
                                        - MAXIMUM CONTAMINANT LEVELS AND
                                        MAXIMUM CONTAMINANT LEVEL GOALS
                                        (40 CFR PARTS 141, 142 AND 143)

                                       NATIONAL EMISSION STANDARDS
                                       FOR HAZARDOUS AIR POLLUTANTS
                                       (NESHAPS) (40 CFR PART 61.92)

                                       KENTUCKY LICENSING
                                       REQUIREMENTS FOR LAND DISPOSAL
                                       OF RADIOACTIVE WASTE
                                       (902 KAR 100:022)

                                       FEDERAL LICENSING REQUIREMENTS
                                       FOR LAND DISPOSAL OF
                                       RADIOACTIVE WASTE
                                       (10 CFR PART 61.41)

                                       FEDERAL STANDARDS FOR URANIUM
                                       AND THORIUM MILL TAILINGS
                                       (40 CFR PART 192)



                                   TABLE 34

                             FINAL CAP COMPONENTS

• VEGETATIVE COVER: EROSION CONTROL

• GEOTEXTILE FABRIC: THIS FABRIC BENEATH THE UPPER SOIL LAYER WILL KEEP SOIL FINES FROM
SETTLING IN THE DRAINAGE LAYER AND, THUS, REDUCING THE EFFECTIVENESS OF THE DRAINAGE LAYER

• DRAINAGE LAYER: THIS WILL CONSIST OF SUITABLY GRADED CRUSHED ROCK WITH A MINIMUM
PERMEABILITY OF 1 X (10-3) CENTIMETER/SECOND; WILL PROVIDE A STABLE DRAINAGE PATH TO       
EROSION CONTROL DRAINS

• GEOTEXTILE FABRIC: THIS FABRIC BETWEEN THE DRAINAGE LAYER AND SYNTHETIC LINER WILL PROTECT
THE LINER FROM PUNCTURE DURING INSTALLATION OF THE DRAINAGE LAYER

• SYNTHETIC LINER: WILL PROVIDE A BACKUP TO THE CLAY INFILTRATION BARRIER FOR THE PURPOSE OF
MINIMIZING INFILTRATION OF WATER TO THE DISPOSAL TRENCHES

• TWO-FOOT-THICK CLAY LAYER: WILL PROVIDE A BARRIER WITH A PERMEABILITY OF 1 X (10-7)
CENTIMETER/SECOND OR LESS.

• INITIAL SOIL LAYER: WILL PROVIDE SUPPORT AND ESTABLISH THE DESIRED DESIGN GRADE FOR
SUBSEQUENT LAYERS


